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A B S T R A C T

The building construction industry serves an important role in working towards at least 10 of the 
United Nation Sustainable Development Goals (SDGs), making sustainability considerations 
crucial. Alternative construction methods such as prefabrication have been sought to improve 
sustainability. In Australia, the prefabricated building industry is still relatively immature, pri-
marily targeting either rural/remote constructions or large repeatable commercial designs. There 
has been little exploration of sustainability or quantifiable data to assess the state of the industry. 
This paper reviews global understandings of sustainability in prefabricated construction and 
presents results from the first stage of an exploration into the issue in Australia. This work has 
been conducted as part of the Australian Manufacturing Growth Centre’s ‘Prefabrication Inno-
vation Hub’. Drawing on insights from 21 stakeholders from the prefabrication industry, it pre-
sents a snapshot of current approaches to, and consideration of, environmental, economic and 
social sustainability within Australian prefabricated building construction. The paper discusses 
key challenges currently faced, as well as the areas that provide most opportunity for constructive 
change. Findings show that whilst sustainability considerations are currently limited, there is an 
awareness that environmental impacts may be a strength of the industry and there is strong 
potential to explore the processes being undertaken and identify quantifiable measures of sus-
tainability. Although the prefabrication industry in Australia is still developing, it is likely that in 
the near future the industry will be faced with choices to adopt more sustainable processes as 
more advanced manufacturing processes are incorporated into industry practice.

1. Introduction

The construction industry is a major component of the global economy, and must play a key role in realising the vision of social, 
economic and environmental sustainability as outlined in the UN Sustainable Development Goals (SDGs) [1]. The construction 
industry’s impacts reach across all 17 goals, and will play a critical role in the outcomes for 10 key SDGs [2]. However, significantly 
reducing the impacts from the built environment and associated building construction provides one of the largest challenges for 
governments looking to meet international climate commitments [3]. In 2020, the construction and operation of buildings was 
responsible for 37 % (11.7 gigatons) of global energy-related CO2 emissions, and 36 % of global energy demand (149 EJ) [4]. The 
construction and materials alone - excluding operations - accounted for 10 % of energy-related CO2 emissions in 2020. To achieve the 
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Paris Agreement targets, the global buildings’ sector must almost completely decarbonize by 2050, whilst at the same time meeting a 
projected doubling of demand for energy services in buildings and at least a doubling of floor space (ibid).

In addition to energy related CO2 emissions, the construction sector is a major contributer to the consumption of natural resources, 
with material use by the global construction sector tripling from 6.7 GT in 2000 to 17.5 GT in 2017 [5]. This material consumption is 
largely concrete and aggregates – which together account for more than two thirds of the material use by weight. These non-metallic 
minerals account for almost half of global material usage and this usage is projected to double over the next 50 years [6]. A corollary of 
this resource consumption is the associated waste generation, with the construction sector estimated to contribute to 38 % of all solid 
waste generated in Australia [7]. Efforts to reduce the environmental impacts of the buildings sector have historically placed more 
emphasis on the operational life of buildings, as this accounts for the majority of lifecycle impacts. Currently, research estimates that 
between 80% and 90 % of energy use and greenhouse gas (GHG) emissions are generated during the operational life of a building [8], 
with the remaining 10%–20 % coming from material manufacture, construction (including transport) and demolition. However, as the 
energy efficiency of buildings operations improves, and energy production is increasingly decarbonised, the impacts from construc-
tion, and the manufacture of raw materials, known as embodied carbon in buildings, become increasingly significant. It has been 
estimated that for Australian buildings, embodied emissions will account for 85 % of total carbon emissions by 2050 [9]. It is therefore 
imperative that the whole of life carbon emissions are taken into account when considering the sustainability of construction.

As the whole life cycle of buildings is considered, attention has turned towards innovation in construction practices and material 
usage in an effort to improve sustainability. One approach is prefabrication, also known as off-site manufacture, which can take 
advantage of production in a controlled factory environment to address some of the challenges of traditional construction [10]. 
Existing research indicates that prefabrication can deliver a number of sustainability benefits in building construction, particularly 
through improved material efficiency in design and construction, reduced labour demand, and improved waste management processes 
[11–14]. However, the extent of these benefits are largely contextual, depending on the prevailing construction materials, processes, 
and measurement approach [15].

This is not a new approach to building, with the off-site manufacturing industry well established in a number of advanced econ-
omies globally. In Sweden, for example 84 % of detached dwellings, and approximately 20 % of apartments are prefabricated, with 
close to 20 % of dwellings in The Netherlands and 12%–16 % in Japan [16,17], Clear data on the uptake of prefabrication in the 
Australian building construction industry is rare. The best available data indicates the prefabrication of buildings represents only a 
small portion of the Australian domestic residential housing market, estimated at 3 % in 2015 [18]. The state of Victoria is seen as 
leading the country in off-site construction and yet only 5 % of homes constructed in Victoria in 2016 were prefabricated [19]. Even if 
considering the entire $150 billion building and construction industry (including commercial, tourism and mining construction), 
prefabricated construction accounts for less than 5 % [16]. This small portion is largely dominated by the offsite fabrication of roof 
trusses, window fittings and pre-cast prestressed concrete slabs [18], although this is a dynamic market with frequent changes. While 
substantially less than some other advanced economies, this is comparable to the United States (3 %–7 %) and the United Kingdom (2 
%–7 %) [17].

In the Australian context, the potential sustainability impacts of the predicted growth of this industry have yet to be fully explored. 
The aim of this paper, therefore, is to explore the current status and understanding of sustainability of the Australian prefabricated 
construction industry, based on a qualitative investigation with industry leaders. The objectives of this study were: identify current 
awareness of potential sustainability benefits within the prefabricated construction industry, investigate the extent to which best 
practice in sustainability is incorporated into the industry, and to identify the challenges and opportunities faced by the industry to 
improve sustainability in its construction practices.

This paper is structured as follows: Section 2 provides the background to prefabricated construction, relevant sustainability 
frameworks, and reviews current understanding of sustainability in prefabricated construction. Section 3 (methodology) describes the 
scope of research on which this paper is based. The results of the qualitative investigation of the sustainability in prefabricated 
construction in Australia are presented in Section 4, covering the awareness and extent of implementation of sustainability practices. A 
review of the challenges and opportunities related to sustainability for the prefabricated construction industry is discussed in section 5, 
along with a summary of the pathways identified to progress the industry, followed by conclusions.

Table 1 
Modular building sustainability performance criteria (adapted by listing in ranked order from Kamali, Hewage and Milani [20]).

Environmental Economic Social

Energy performance and efficiency strategies (EP) Design and construction time (DCT) Workforce health and safety (WHS)
Waste management (WM) Design and construction costs (DCC) Safety and security of building (SSB)
Material consumption in construction (MC) Investment and related risks (IR) Affordability (A)
Site disruption and appropriate strategies (SD) Durability of building (DB) Community disturbance (CD)
Embodied Energy (EE) Integrated management (IM) Functionality and usability of the physical space (FU)
Renewable and environmentally preferable products (REP) Operational costs (OC) User acceptance and satisfaction (UAS)
Greenhouse gas emissions (GE) Flexibility of building (FB) Aesthetic options and beauty of the building (AB)
Renewable energy use (RE) Maintenance costs (MC) Influence on the local economy (ILE)
Regional (local) materials (RM) End of life costs (EC) Neighbourhood accessibility and amenities (NAA)
Site selection (SS) ​ Health, comfort and well-being of occupants (HO)
Water and wastewater efficiency strategies (WE) ​ Influence on local social development (ISD)
Alternative transportation (AT) ​ Cultural and heritage conservation (CHC)
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2. Current understandings of sustainability in prefabricated construction

Prefabricated construction, also known as offsite manufacture, modular construction or industrialised building systems, refers to 
any method of construction where components, modules or even entire buildings are constructed ‘off-site’ in a factory environment 
and subsequently transported to the final building location. Categorisation of prefabricated construction occurs based on the degree of 
prefabrication, ranging from components and sub-assembly, to panelised systems, semi-volumetric systems (e.g. volumetric bathroom 
pods in conventional unit construction) and at the upper end of the scale fully volumetric construction [13]. Less commonly, it can be 
categorised based on the percentage of total project comprised of prefabricated elements (ibid).

Sustainability in the context of construction is about more than just environmental impact – assessing sustainability requires a 
suitable framework to ensure all relevant indicators are considered. One such framework that has been proposed in the context of 
prefabricated construction was developed by Kamali et al [20], through review of literature and expert interviews (show in Table 1). 
The indicators take a triple bottom line approach, considering environmental, economic and social factors. This work prioritised the 
indicators based on surveys with practitioners familiar with the North American construction industry, with this ranking reflected in 
Table 1. The breadth of these indicators captures the role of the construction industry in working towards 10 key SDGs [1], identified 
by Fei et al [2] as: sustainable cities and communities (SDG 11); climate action (SDG 13); clean water and sanitation (SDG 6); 
responsible consumption and production (SDG 12); industry, innovation and infrastructure (SDG 9); life on land (Biodiversity) (SDG 
15); gender equality (SDG 5); good health and well-being (SDG 3); affordable and clean energy (SDG 7); decent work and economic 
growth (SDG 8). This illustrates the potentially broad impact that may arise from the adoption of different construction methods.

There is a strong body of research exploring various sustainability impacts from prefabricated construction, which includes studies 
considering an holistic approach to sustainability (e.g. Kamali and Hewage [11] and Lopez-Guerrero et al. (2022), as well as studies 
that have focused in on more specific aspects such as waste generation (e.g. Ref. [21,22]). Overviews of some of the findings of the 
literature for environmental, economic and social factors, mapped against the indicators developed by Kamali et al. [20] are given in 
Tables 2–4. Overall, current research supports prefabrication as a construction approach that can deliver sustainability benefits. 
However, there is diversity and nuance in the findings, depending on factors such as measurement methodology (choice of indicators 
and comparison benchmarking), construction processes (e.g. degree of prefabrication, production technology), energy resources and 
material usage (e.g. timber, steel, concrete etc.). Construction is a complex activity, and any evaluation of triple bottom line sus-
tainability must be grounded in the context of the region of activity [15].

The majority of research to date has focused on environmental impacts, with less considering economic and social sustainability 
[13,15]. A large-scale review of 67 papers by López-Guerrero et al [13] found that only 8 % of studies considered all three aspects of 
environmental, economic and social sustainability. Of the studies reviewed, half were in China (24) or Malaysia (11), and only five (5) 
studies focused on Australia [14,23–26]. In addition to the lack of focus on social and economic performance of prefabricated con-
struction, there was also found to be gaps in the research around reusability and prefabrication levels considered.

Table 2 
Summary of previous findings from research on environmental sustainability of prefabricated construction.

Indicator Overview of findings References

Energy performance and efficiency 
strategies

Whilst the energy efficiency of the buildings constructed is impacted more by the design and materials 
than the construction method, prefabricated constructions have shown a great potential to product high 
levels of energy efficient designs.

[50,51]

Waste management Considered one of the greatest comparative advantages of prefabrication. Significant reductions in waste 
generation on site, and better management of waste within factory, with overall average reduction of 61 
%.

[13,21,52,
53]

Materials consumption in production Material usage, and extent of optimisation, varies by material and methodology. Overview analysis 
found an overall average reduction in material use of 21 %, with 43 materials/components performing 
better, and 22 performing worse.

[13,31]

Embodied energy Findings for embodied energy suggest a reduction (~9 %–10 % reduction), with large variation. [23,54,55]
Renewable and environmentally 

preferable products
Limited discussion on the links between modular construction and uptake of these building materials 
and products.

[20]

Greenhouse gas emissions Studies suggest a reduction in embodied carbon from prefabrication (average reduction of ~15 %), and 
operational carbon (~3 %), but there can be a wide range.

[23,54–56]

Renewable energy use Data is scarce on uptake however there is potential to increase proportion of construction energy from 
renewable sources in the factory.

[15,57]

Regional (local) materials Increased usage of local materials suppliers, and corresponding reduction in transportation distances 
recognised as an important aspect, although research examining this was scarce.

[15,26]

Site Selection Link between construction method and site location typically related to access or other aspects. Little 
discussion in the literature from an environmental perspective.

[14,20]

Water and wastewater efficiency 
strategies

Little quantitative evaluation has been performed. Key factors are electricity usage (and generation type) 
in construction and use in concrete. Average comparative reduction of 11 %.

[13,30]

Alternative transportation Reduced materials transportation to site. Vehicular congestions and transportation related issues can be 
reduced by up to 70 %

[13]

Other Air and soil pollution: Ozone depletion potential, smog potential and photochemical smog are all highly 
dependent on transportation assumptions. Small positive benefit seen. Noise and dust emissions: Shown 
to obtain average decreases of 33.89 % and 20.47 % for dust and noise pollution due to reduced 
construction works on site.

[11,58–60]
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From an environmental perspective, as seen in Table 2, one of the major advantages of prefabricated or offsite construction 
identified is reducing waste in construction [12,27]. In one survey of 51 industry respondents on the sustainable performance of 
prefabricated systems, the impact on construction waste was one of the highest positive indicators [28]. Also, in a review of 86 case 
studies on prefabrication, 30.2 % analysed waste reduction either quantitatively or qualitatively, and all found that prefabrication had 
a positive impact on waste, with an average reduction of 60.9 % [13]. However, there is great uncertainty when it comes to quantifying 
the reduction that can be achieved, particularly as it is heavily dependent on the approach taken. Average values of waste reduction 
reported vary between 10 and 100 % [13]. Many of the studies which have investigated waste, however, are based on subjective data, 
or have inconsistencies in measuring methodologies [29]. For example, Quale et al [30] found that the reduction in wood wastage by 
adopting modular construction was offset by the extra bracing and support required to support the studied modular panels.

The utilisation of precision manufacturing technology, as well as the controlled environment of the factory, are also seen to provide 
greater material efficiency as well as greater opportunity for capture, segregation and reuse of materials [23]. This, in turn, provides 
scope for more sustainable construction practices, including better quantification and reduction of life cycle impacts and waste 
generation [13].

Findings around economic sustainability are summarised in Table 3. Prefabrication is widely seen as providing greater control of 
construction timelines, costs, quality and processes [31–33], due to the controlled environment in which construction is undertaken. 
Assessment of the impact of prefabrication on cost is varied [13], and challenges regarding investment risks have also been highlighted 
[34].

Research considering social sustainability of prefabricated construction is provided in Table 4. It is considered that the controlled 
production environment makes it easier to provide safer work environments to employees [27] and can also make construction jobs 
accessible to a wider and more diverse workforce [11].

Whilst there is extensive international research on sustainability in prefabrication, there has been limited work done in the 
Australian context. Aye et al [23] used a case study approach, finding mixed results regarding the quantified embodied energy and 
material use impacts of using prefabricated steel or timber in a multi-residential construction. Hammad et al [24] developed and tested 
a decision support tool for contrasting conventional and modular construction methods based on selected sustainability criteria, which 
found advantages in terms of minimizing pollution and risk of injury when compared with the conventional construction. Hu et al [25] 
took a broader perspective, with a content analysis of sustainability perceptions based on the websites of PrefabAus (the peak industry 
body for prefabrication in Australia) members. This found public-facing mention of environmental, social and economic sustainability, 
with ‘High Quality’ and ‘Customer-focused approach and customisation’ the most valued [25]. Navaratnam et al [14] undertook a broad 
survey of the construction industry perception on aspects of prefabrication such as economic, technical, cultural, along with 

Table 3 
Summary of previous findings from research on economic sustainability of prefabricated construction.

Indicator Overview of findings References

Design and construction 
time

Recognised as a key advantage, as can concurrently schedule works and avoid weather delays. Measured reduction in 
construction times from 15 % to 76 %.

[11,13]

Design and construction 
costs

Huge variation, based methodologies, and other factors. Ranges from − 72 % (more expensive) to +64 % (cheaper). [13,33]

Investment and related 
risks

The upfront cost of implementing off-site manufacturing techniques is a commonly cited factor for low uptake of this 
type of construction. 
The financing and cash flow typically differs from conventional construction, changing the risk profile that builders are 
accustomed too.

[34]

Durability of building Higher quality construction and finishing is discussed as a potential benefit, however there is limited evidence on 
durability. There is the potential for prefabricated components to be more difficult to repair.

[20]

Integrated management Significant potential for improving collaboration, workflow and supply chain management through the integration of 
Building information modelling (BIM) with Design for Manufacture Assembly. Actual implementation varies.

[14]

Table 4 
Summary of previous findings from research on social sustainability of prefabricated construction.

Indicator Overview of findings References

Workforce health and safety Accident rates were reduced by 63 % due to less or no use of scaffolding, as well as fewer activities, less work 
at heights and fewer workers on-site.

[27]

Safety and security of building There is a lack of technical standards and knowledge around aspects such as fire and acoustic performance 
outside certain markets

[14,61]

Affordability Majority of studies indicate higher costs overall for prefabricated construction compared with traditional, 
although there is potential for costs to decrease when applied to multiple projects.

[15,34,
62]

Community disturbance Building off-site generally reduces disturbance to the community from building construction, particularly 
through on-site noise and disruption.

[14]

Functionality and usability of the 
physical space

Designs of modular spaces can pose a challenge when considering additional loads from lifting, 
transportation and connections between modules.

[14]

Other Standardised workplace environment, with highly organised operations and better supervision results in 
improved productivity. Learning curve for workers in factory undertaking repetitive tasks is simpler resulting 
in higher quality. Modular construction requires less skilled work on site.

[11]
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sustainability. They found that sustainability considerations were the third ranking priority factor when deciding to use prefabrication, 
behind experience and familiarity. Finally, Zhang et al [35] looked broadly at challenges facing the Australian prefabricated con-
struction industry, and identified twenty one recommendations, however, sustainability was not the primary focus.

The potential for positive sustainability impacts from increased prefabricated construction, along with the challenges and op-
portunities, are closely linked to the prevailing construction industry context. This study has sought to build on existing research by 
developing a more nuanced understanding of the current perspectives, challenges, and the possible future trajectory of sustainability in 
prefabricated construction in Australia, through in-depth discussion with industry leaders.

3. Methodology

This paper draws on in-depth data collected as part of research by the University of Wollongong as a member of the Prefab 
Innovation Hub, in partnership with the Advanced Manufacturing Growth Centre (AMGC). Previous studies exploring the Australian 
prefabricated construction industry have adopted survey [14] or publicly available content analysis [25] approaches. To explore the 
sustainability challenges and opportunities in greater depth, a qualitative approach was adopted as per Heffernan et al [36], as 
illustrated in Fig. 1. This involved a series of semi-structured interviews conducted with professionals involved in the manufacture, 
supply or use in construction of prefabricated buildings or components in Australia. The purpose of the interviews was to identify the 
level of awareness of sustainability issues and the extent of implementation of sustainability practices.

3.1. Sample selection

Prior to the commencement of interviews in June 2022, the authors compiled a database of eighty-four (84) companies active in the 
prefabricated construction space in Australia to be targeted as potential participants. This was comprised of the seventy-two members 
of the National peak body for the industry – PrefabAUS - listed on their online database, with an additional twelve companies added 
that were not members, but were attending industry conferences and events, or advertising in relevant publications. This represents a 
purposive sampling approach, as participants were selected due to their expected knowledge and experience within the prefabricated 
construction industry. While not exhaustive, this database provided broad reach across prefabrication industry stakeholders. A target 
of between 15 and 30 interviews was set, as based on Warren [37] this number reaches an appropriate balance of time, resources and 
likelihood of diminishing returns for academic publication [37].

3.2. Recruitment

The entire database list received an invitation to participate. Recruitment occurred through multiple channels, including adver-
tisement in newsletters and mail-outs from the PrefabAUS, open invitation at industry conference presentation by the research team, 
and direct email approach to existing industry contacts and relevant companies that did not respond to other recruitment methods. Of 
those contacted, 35 responded with an interest in participating, but 14 subsequently did not participate. In total, 21 interviews were 
conducted, with 24 professionals from 19 different companies within the industry, one peak organisation and a government-level 
client. Overall, more than one-quarter of the members of the peak body for prefabricated construction in Australia were involved 
in the research. Details of the key characteristics of the participant organisations are shown in Fig. 2. The interviewees typically held a 
management or director-level roles in their organisation, with sufficient understanding of their products and services to provide 
meaningful answers to the research questions (see Table 5). By the completion of interviews, a degree of theoretical saturation was 
occurring, with the same themes emerging across interviews [38].

3.3. Data collection and analysis

Informed consent was obtained from all participants prior to the interviews, and the research team emphasised that all data would 
be treated anonymously, and participants could withdraw from the research after the interview if required. This approach was 
designed to encourage open and honest responses in the semi-structured interviews. The interview questions were divided into five 
sections. The first focused on the interviewee’s background, the work performed by their company and their use of prefabrication. The 
second section focused on the workflow of the company and their position within the wider supply chain. The third section focused on 
understanding their material flow, particular variety and volume of material usage, and understanding the types and fate of waste 
streams. Next, questions focused on the understanding and application of broader sustainability considerations such as embodied 
carbon, operational performance, product end-of-life, and key challenges to improving sustainability. Finally, broader questions about 
potential changes to improve sustainability were asked. The interview guide is provided as Appendix A. The interviews were 

Fig. 1. Summary of research approach.
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conducted via online video calls, typically lasting between 45 and 90 min. Interviews were recorded and transcribed using a mix of 
proprietary AI generated transcriptions (using Zoom and Otter.ai) and manual review of AI transcriptions. Two researchers were 
present during the majority of interviews, and detailed notes were also taken.

Thematic analysis, one of the most widely used methods of qualitative data analysis, was the primary method employed [39]. 
Primary themes (environmental, economic and social) and sub-themes were initially derived from the sustainability framework 
identified from the extant literature (Kamali et al [20] - refer to Table 1). There were 12 environmental indicators (sub-themes), 9 
economic and 12 social. Additional themes based on the research interest, specifically the state of prefabrication in Australia and future 
challenges, were added at the start of analysis. In addition to this, ten additional sub-themes were added (four environmental, four 
economic and two social) as they emerged from the data, with interviews retrospectively checked after identifying these themes [40]. 
Transcripts from the interviews were coded in NVIVO12 qualitative data analysis software against all of these sub-themes. Themes that 
occurred most frequently across interviews were identified, and this was used as the basis for in-depth analysis of these high frequency 
themes [41]. Further to the coding and thematic analysis, additional readings of the transcript outside of NVIVO was employed 
through a process of progressive meaning making across the breadth of interview data [42]. This dual approach was adopted to 
mitigate against any undue influence from the use of a particular tool – in this case NVIVO – in the analysis.

Results from the thematic analysis were used to compare the perceived sustainability benefits of prefabricated construction in 
Australia with those noted in other literature studies. They were also used to identify the specific challenges and opportunities within 
the industry to progress towards sustainability. From these, a roadmap towards sustainability for the industry is proposed.

4. Results

4.1. State of the prefabrication industry in Australia

The scope of this study was geographically focused on Australia, a geographically large country with a relatively small population, 
surrounded by oceans, and with significant diversity in size, and industrial and construction activity between states [43]. Multiple 
interviewees described the Australian prefabrication industry as less advanced than the United States and Europe, both in terms of 
sophistication of manufacturing techniques and the sustainability and energy efficiency of the modular constructions being under-
taken. In comparison to these regions, the industry was viewed as a small niche in Australia, with businesses at diverse levels of 
maturity. While a small number of bigger players had adopted cutting edge technologies and production-line processes, there are also 
‘a lot of people … claiming to be modular, and then basically building conventionally in a shed and transporting it to site’ (Interviewee 1). The 
companies engaged in the research ranged from smaller organisations (<10 employees) working in small sheds on private land while 
trying to finance larger operations, to large, heavily automated, robot-driven manufacturing. The industry in Australia was described 
as being 15 years behind the world leaders, and also to not have progressed as quickly as was being predicted 10 years ago. Whilst not 
necessarily true across the whole industry, the repetition within interviews of this assessment is indicative of a widespread perspective. 
The conservative nature of the building industry in Australia, some major collapses of prefabricated manufacturers, limitations in the 

Fig. 2. Key characteristics of organisations involved in research (n = 21).

Table 5 
Industry role of interviewees.

Position/Role TOTAL

Managing director, Owner, CEO 6
Director 6
Manager 4
Sustainability Manager 2
Other 3
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prefabrication supply chains, and generally benign weather conditions for traditional construction were all given as contributing 
factors for the current status of the industry. As has been the case for many years, those in the industry are predicting significant growth 
in coming years, with one participant recalling predictions for off-site construction to account for 25 % of the overall industry by 2025. 
Currently accounting for less than 5 % of output, it is unlikely that this will eventuate. Perhaps more realistically, market analysts are 
predicting a compound annual growth rate of 7.5 % for much of the decade [44]. Research participants were seeing this reflected in 
growing acceptance of prefabrication in the market. 

“The demand from customers to see a house that’s manufactured - or pre-made, or prebuilt, or prefabricated - is far more … culturally 
acceptable now than it would have been 10 years ago … that cultural shift is happening” (Interviewee 4).

One of the limitations identified for the current market is that manufacturers frequently act as both the manufacturer, marketing, 
and customer interface, with no intermediaries. This was described as providing challenges in managing customer requirements and 
limiting the ability to focus on improving manufacturing efficiencies. International approaches that separated these business functions 
were held up as desirable future models. 

“In the US [United States] they also have a much greater sales and marketing model that deals with the interaction with the customer 
rather than being direct between manufacturing and marketing as it is in Australia.” (Interviewee 2)

Typically, companies have focused on a single niche market for their product, e.g. small residential, commercial holiday cabins, 
school infrastructure etc. Four of the companies interviewed were focusing solely on commercial markets. However, those that have 
focused purely on the residential market (five of the companies interviewed) noted that they needed repeatable work in order to grow 
their business. This repeatable work – multiple constructions of the same or similar design - lends itself preferentially to commercial 
work, which is difficult to break into as a smaller player. In residential construction, the use of modular elements needs to be combined 
with responsiveness to customer personal preference to achieve a good outcome.

4.2. Industry perspectives on sustainability

One of the objectives of this study was to understand current perceptions of sustainability amongst those working in the Australian 
prefabrication industry. Given the broad definition of what can be encompassed by sustainability, this was undertaken by thematically 
analysing interview data against literature-derived sustainability criteria. Broadly, the status of the industry in Australia can be 
described as one still working to establish and expand, meaning sustainability is a secondary priority; first a viable business needed to 
be created. However, industry stakeholders are seeing a growing value being placed on sustainability in the market: 

‘Sustainability five years ago … was a great secondary advantage … the clients will go price first, time, quality, other things, and there’s 
sustainability that might be number six, seven … “yeah great, it’s a nice to have.” [In the] last two years the market has drastically 
shifted … Sustainability now is a huge driver. It’s … equal [number] one with price’ (Interviewee 12)

The twenty-one interviews were coded according to the sustainability criteria listed in Kamala et al. (2018), with additional codes 
added when issues emerged that were not adequately captured by existing codes. Understandings of sustainability covered the three 
main categories of environmental, economic and social sustainability, with a strong bias towards environmental issues. The largest 
proportion of the coded references (48 %) related to environmental indicators (see Fig. 3). Economic factors were the second most 
common at 32 %. All the interviews except one mentioned at least one indicator related to economic sustainability. Social factors were 
the least represented, with only 20 % of the indicators mentioned relating to social factors, however, 17 out of 21 interviews mentioned 
at least one of the indicators associated with social sustainability. When split by position in the supply chain, a similar pattern emerges 

Fig. 3. Relative frequency of sustainability themes.
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from manufactures, suppliers and other categories, with particularly consistent results for environmental indicators. However, 
amongst end-users, economic themes were noticeably more prevalent (See Fig. 4), and an increase in social indicators was also seen.

4.2.1. Frequency of sustainability themes
Analysis of the frequency that individual sustainability indicators were discussed by participants is shown in Fig. 5. The indicators 

are grouped by category (environmental, economic and social), and within each category listed in ranked priority order as per Table 1. 
The interview questions (as listed in Appendix A) were relatively open, with some bias towards sustainability and environmental 
issues, so the breakdown signals the importance of social and economic sustainability to the interviewees. The comparison between 
rank order and frequency illustrates areas of agreement and divergence on sustainability perspectives between the literature – 
grounded in North American experience – and this study of the Australian industry. The three most frequent mentions are all envi-
ronmental factors – Waste management, Material consumption in construction and Energy performance and efficiency strategies, discussed by 
86 %, 81 % and 76 % of the twenty-one interviews respectively. This is consistent with the North American industry perspective [20], 
though the inclusion of targeted questions around how waste is dealt with in factory construction may have skewed results in this study 
somewhat. Following these, other high-ranking indicators included economic considerations of Design and construction time and Design 
and construction costs, which both were discussed by more than half of interviewees.

In general, within the environmental and economic sustainability themes, the indicators that were ranked more highly corre-
sponded with those that were discussed most frequently by the participant cohort. The key exceptions were that Site disruption and 
appropriate strategies was infrequently encountered in discussion, whilst Flexibility of building was commonly mentioned as an economic 
sustainability theme. Within social themes, there was no obvious connection between the frequency analysis and literature-based 
rankings. In addition, there were a number of emergent themes that were not adequately covered in the existing indicators. This is 
discussed in the next section.

4.2.2. Emergent themes and indicators
A number of areas of potential sustainability benefit that weren’t covered by the literature derived codes were identified [20]. 

These are outlined in Table 6. Of these indicators, the two most frequently mentioned were Transportation to site, and Productivity and 
workplace environment. The baseline indicator Alternative transportation specifically referred to siting of modular buildings in locations 
that had access to lower impact transportation options (public transport, cycling etc.). The impact of transportation to site was only one 
factor within the Embodied energy indicator. In the Australian context, Transportation to site as a standalone sustainability consideration 
was mentioned as frequently as Embodied energy. This is representative of the different nature of the Australia industry, which has a 
smaller number of manufacturers in centralised locations, whilst one of the primary markets for prefabricated buildings are customers 
in remote locations requiring transportation significant distances. The second additional indicator – Productivity and workplace envi-
ronment - stressed how the off-site factory construction can lead to better and more controlled productivity – increased output from 
given resources, separate from simply reducing construction time and costs. This also relates closely to Workplace diversity and equity, 
the offsite workplace environment also has a positive impact on the diversity of the workforce attracted to the site.

These additional themes are important in highlighting issues where the Australian industry may diverge from international 
experience (e.g. Kamali et al. [20]. Potential causes for other aspects of deviation include both the current developing state of the 
industry, along with the timing of the research following a series of significant natural disasters in Australia (bushfires and floods). The 
additional focus on workplace diversity is reflective of the push for industry in Australia, but particularly the construction industry, to 
build diversity. The following section explores the most prevalent themes of sustainability - based on the outcomes of this thematic 
frequency analysis - within the Australian prefabrication industry, considering first environmental, then economic, and finally social 
sustainability.

4.2.3. Indicators of environmental sustainability
The three most commonly discussed sustainability factors related to environmental impact were also the three ranked most 

important in the literature; Energy performance and efficiency, Waste management and Material consumption in construction. The most 

Fig. 4. Average frequency of themes mentioned in interviews across supply chain position of participant companies.
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notable areas of divergence were the minimal discussion by participants about the potential benefits from reducing on-site disruption 
from prefabrication, despite experts considering this a major factor. Conversely, the impacts of transportation to site were frequent 
considerations from an environmental perspective amongst interviewees.

Fig. 5. Frequency of Sustainability indicators coded in industry interviews. The indicators are listed in their priority order as per Kamali et al [20]. 
Additional indicators are denoted by an ‘x’ before the number.
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Details of key factors and challenges discussed in the interviews for these three indicators, along with illustrative quotes, are 
provided in Table 7.

While there were many similar themes discussed across interviews, the focus of participant companies tended to be on particular 
environmental aspects. For instance, some were concentrating on design efficiencies to minimise waste generation, while others 
focused more on choices of materials, whilst others were exploring modularity in design to allow houses to grow with occupants. The 
diversity of perspectives on how the industry are delivering environmental benefits from prefabricated construction reflects the 

Table 6 
Additional aspects of prefabricated construction related to sustainability added as codes during analysis.

Category Indicator Quote from interviews

Environmental Transportation to site “From the factory to the site is only, you know, a couple of pilot cars and a truck burning fuel as opposed to 
trades burning fuel every day back and forth” (Interviewee 1)

​ Building life cycle and adaptability 
at end of life

“A lot of building doesn’t look at the building life cycle, so what happens at the end of the buildings life … there 
is a real opportunity that every single part of it can be recycled, either disassembled and redo it as another 
house” (Interviewee 9)

​ Building longevity/quality of 
construction

“Here, we’re treating real estate much like a stock market, a lot of time, and we don’t see that generational 
thinking … then it goes to the quality of what we build” (Interviewee 13)

​ Reuse of materials “There’s nothing that doesn’t get recycled and reused on homes … particularly in a production line, 50 of the 
same houses - if it doesn’t get used in the first house it’ll get used on the next one” (Interviewee 11)

Economic Logistics “In anything prefabricated, logistics ultimately play a role in deciding what the size of anything is” (Interviewee 
4)

​ Quality control of construction “We understand enough about prefabrication to know that the quality of the build is probably going to be far 
superior than what we can build on site, especially if you’re using just a bunch of contractors you can’t oversee 
[the build] properly” (Interviewee 10)

​ Productivity and workplace 
environment

“Work in the factory is a controlled environment, a lot more controlled than out on site in the recent rain that 
we’ve had, so it means that now guys get to work a lot more days of the year, especially this year” (Interviewee 
9)

Social Use in emergency and disaster 
response

“Schools infrastructure asked us to assist in taking their old steel demountable classrooms, strip them out back 
to the steel frame and refit them out as emergency housing accommodation up in flood affected areas” 
(Interviewee 12)

​ Workplace diversity and equity “Being in the factory setting, it’s quite different to site. Like the people that we can get to work here are a 
different demographic … it’s actually quite flexible in time as well … we’ve been able to get quite a few of our 
workers to upskill to something different” (Interviewee 20)

Table 7 
Details of the industry perspectives on key aspects of environmental sustainability.

Indicator Key factors Challenges Quotes from interviews Key interviewees

Energy 
performance 
and efficiency

• Interest within industry to 
pursue sustainable designs

• Prefabrication suited to zoning 
and air tightness (e.g. Passive 
Housea)

• Design and manufacturing 
software often has inbuilt 
energy efficiency and life cycle 
analysis components

• Lack of interest in the 
market for energy efficiency 
(cost driven)

• Thermal bridging from steel 
framing usage

• Minimum standard 
regulations don’t always 
apply to ‘movable homes’

• Lightweight – lack of 
thermal mass

“you’re able to add certain extra elements 
and steps in a factory that … it’s harder to 
get consistent [onsite] … You can really get 
that extra benefit, and we found that when 
we did prefabrication in Sydney … we got 
air changes down” (Interview 16)

1, 2, 4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 15, 
16, 17, 19

Waste 
management

• Easier to collect, store and 
thereafter reuse waste materials

• Waste materials less likely to be 
contaminated, dirtied or 
damaged

• Equipment in factories to assist 
with management (forklifts, 
cranes)

• Still depends on waste 
management practices and 
culture

• Storage space can be limited
• Time pressures of 

production line 
environment

“Whenever you’re building on site there’s 
10 % waste guaranteed, generally more and 
there’s limited opportunity to reuse or 
recycle that waste, just because it’s too 
expensive. By building in a factory, we order 
what we need, so for our wall sheet, we will 
order to the nearest full pack because we 
know that any leftover sheets we will use on 
the next job.” (Interview 9)

1, 2, 3, 4, 6, 7, 8, 9, 
10, 11, 12, 13, 15, 
16, 17, 18, 20, 21

Material 
consumption 
in 
construction

• Integration of digital design 
tools to optimise material 
choice, sizing and cutting

• Repetition of tasks in 
production line to minimise 
wastage and improve task 
control

• Tensions between material 
choice for production 
efficiency vs environmental 
benefits

• Trade-offs for steel vs 
timber for framing.

“some of that waste stream discussion is 
around that sort of detailing and shop 
drawing process around optimizing what use 
of material sizes, so sheet sizes and lengths. 
Making sure we’re minimizing cuts. 
Minimizing cuts of timber also minimizes 
wastage” (Interview 4)

2, 3, 4, 5, 6, 7, 8, 9, 
12, 13, 14, 15, 16, 
17, 18, 20, 21

a Passive House is a design standard which aims to minimise heating and cooling energy requirements through the use of high levels of insulation, 
airtightness and mechanical ventilation systems. See https://passivehouseaustralia.org/.
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diversity of maturity, scale and scope of the current industry. There was a broad opinion that increasing use of prefabrication would 
improve the environmental impacts of construction, however to a large degree the enacted environmental sustainability practices 
focused heavily on good manufacturing practices: improving production efficiency and reducing waste. There is very little evidence of 
quantifiable assessment of the sustainability.

4.2.4. Indicators of economic sustainability
The impacts on Design and construction time, Design and construction costs, and Investment and related risks are seen as key indicators of 

economic sustainability by the Australian industry. International studies generally recognised these as key benefits, though report 
large variations in the measured extent that these indicators can be improved through prefabrication [11,13]. Productivity within the 
workplace environment was another important concern of participants, mentioned almost as frequently as the first three indicators. The 
key factors, challenges and supporting quotes of these indicators are shown in Table 8.

Economic considerations were at the forefront of discussions with industry members. Considering that the primary focus of the 
research centred on environmental sustainability, the consistency with which economic considerations were discussed - around cost, 
scheduling and production efficiency – strongly reflects the drivers in the Australian industry at present.

4.2.5. Indicators of social sustainability
Although the social sustainability indicators were the least commonly discussed throughout the interviews, over 80 % of the in-

terviewees mentioned at least one indicator related to social sustainability. The most frequently mentioned indicator was Aesthetics and 
beauty of the building, this was often in the context of a challenge to the general market perception that prefabricated construction 
results in unattractive, mass-standardised design. Perceptions of prefabricated buildings is not an issue that has been highlighted in 
previous considerations of social aspects of sustainability (e.g. Navaratnam et al. [14]. Other important indicators were both Workplace 
health and safety, and the emergent theme of Workplace equity and diversity. These are aspects that are discussed as benefits of pre-
fabricated construction [27], but have not been highlighted as either challenges or benefits of the Australian industry currently [35]. 
There was less of a link between the literature ranking of indicators and their number of mentions in the interviews across the social 
issues than for environmental and economic sustainability. The key factors, challenges and supporting quotes of these indicators are 
shown in Table 9.

The social impacts of prefabricated construction are also important considerations for the overall sustainability of the industry. 
While not as widely discussed as environmental and economic issues, for those interviewees that did discuss them, they were very 
important considerations. The companies with larger workforces tended to have a greater focus on social considerations. As the in-
terviews revealed, there are a number of potential social benefits linked to factory-based construction, which warrant ongoing support 
and exploration.

Table 8 
Details of the industry perspectives on most key aspects of economic sustainability.

Indicator Key factors Challenges Quotes from interviews Key interviewees

Design and 
construction 
time

• Compression of schedule due to 
parallel tracks

• More predictable scheduling
• Reduced interaction of trades 

on-site
• Protection from weather delays
• Factory environment supports 

automation for productivity 
improvements

• Limited use of automation 
in Australia

“you take some of the components that are on 
a critical path and put them in a factory and … 
reduce the timeline … [this provides the] 
customer appeal of getting their home faster” 
(Interview 16)

2, 4, 5, 7, 8, 9, 11, 
12, 14, 16, 17, 18, 
19, 21

Design and 
construction 
cost

• Cost savings from speed and 
certainty in scheduling

• Particular benefits for remote 
location builds, removes need to 
relocate skilled trades for long 
builds.

• Many cost savings rely on 
use of repeatable designs

• Bespoke designs less cost- 
efficient with advanced 
manufacturing

“If it’s just purely an environmental benefit 
that doesn’t bring them commercial benefit, 
you’re going to have a hard time selling that to 
them.” (Interview 2)

3, 7, 9, 10, 11, 12, 
13, 15, 18, 19, 21

Investment and 
related risk

• Significant capital required 
upfront to establish 
manufacturing facilities

• A number of collapses of 
prefabricated 
manufacturers in 
Australian industry

• Frontloaded investment 
creates risks

“I can tell you some companies in Australia 
doing prefab well, also went into liquidation. 
Significant capital expenditure without a 
certainty of pipeline of work. You have a 
manufacturing facility that stops for a day or a 
week or a month, it starts to eat itself alive.” 
(Interview 16)

2, 4, 5, 9, 11, 15, 
16, 17, 19, 20

Productivity in 
workplace 
environment

• Potential to provide better 
workplace conditions

• Efficiency and quality control in 
factory setting

• Supervision of multiple jobs 
simultaneously.

• Opportunities for multiple shifts 
over 24 h operations

• Time required to retrain 
from site to factory 
environment

• Inexperience with on-site 
assembly of prefabricated 
components

“So there’s SOPs, standard procedures where 
almost everyone for every process checks the 
pods so that we’re very confident by the time it 
leaves it will be right … it cuts down massively 
the amount of labour on site in defect 
recognition” (Interview 20)

1, 4, 5, 7, 9, 12, 14, 
15, 20, 21
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4.2.6. Summary
The analysis of industry stakeholder perspectives reveals a broad awareness of sustainability within the Australian prefabricated 

construction sector, however, significant barriers and challenges remain before its full potential can be realised. Given the critical role 
of sustainable construction in achieving climate targets and SDGs [2,3], alongside the well documented opportunities presented by 
prefabricated construction [11–14], this study highlights key areas requiring further focus and development. The sustainability in-
dicator framework employed in this paper, adapted from Kamali et al. [20], provided a robust means of evaluating sustainability 
performance across environmental, economic, and social dimensions. While the framework was extensive, it was not fully compre-
hensive, revealing areas for refinement This reinforces the influence of local contextual factors, from geography and climate to the 
regulatory and financial environments, on both the building construction industry, and its sustainability priorities. Despite widespread 
recognition of the potential sustainability benefits of prefabricated construction, the implementation of strategies and the systematic 
measurement of sustainability outcomes remain inconsistent and, in most cases, limited.

Table 9 
Details of the industry perspectives on key aspects of social sustainability.

Indicator Key factors Challenges Quotes from interviews Key 
interviewees

Aesthetics and 
beauty of 
the building

• A balance between standard 
offerings and customisation 
is required for efficiency

• Typically draw from a limited pool of 
material choice to provide 
consistency of construction and 
simplification of supply chain

“the term we use is “mass customised” … 
There are commonalities between all of them 
[jobs] and the design principles that we fall 
into to make our system work. But they need 
to be tweaked and adjusted to suit the 
architectural requirements and spatials of 
each project.” (Interview 20)

3, 4, 11, 12, 
16, 17, 20

Workforce 
health and 
safety

• Controlled environment of 
the factory more easily 
allows risks to be identified 
and mitigated

• Equipment and machinery 
readily available to assist

• Less people and less time on 
construction site reduces the 
risk to workers

• Need to ensure actual improvements, 
not just shifting of risk from site to 
factory

“I’m able to pull scaffolding down 55 percent 
quicker than what I would have done if I did it 
traditionally. Well, the two largest injuries 
and incidents of the country are always falls 
from height and fallen objects. How do you 
put a, you know, put a figure on that?” 
(Interview 16)

12, 14, 16, 21

Workplace 
equity and 
diversity

• Ability to provide stable 
location of employment, and 
defined work hours

• Factory locations (regional 
areas, outside of CBDs) make 
commuting easier

• Construction industry environment 
still typically ‘machoistic’

“So I think, being in the factory setting, it’s 
quite different to site. Like the people that we 
can get to work here are a different 
demographic. It will be mums and dads that 
don’t have trades” (Interview 20)

8, 14, 16, 20, 
21

Fig. 6. Challenges and opportunities facing the sector across the cradle-to-cradle life-cycle stages (A1-D) modified to prefabricated construc-
tion process.
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5. Discussion

5.1. Sustainability challenges and opportunities for australian prefabricated construction

Addressing the gaps in implementation of sustainability best practice will be essential for unlocking the potential of prefabrication 
to deliver meaningful, quantifiable contributions to sustainability within the Australian construction industry. Previous research has 
highlighted that economic and social impacts are considered as important as environmental impacts [25], which is supported by this 
research. Other research in Australia has also identified that representatives of the construction industry indicated they would choose 
prefabrication over tradition construction methods if sustainability was a primary focus [14]. However, the in-depth discussions from 
this research found that the ability to measure the sustainability benefits of prefabricated construction was limited, and there was little 
impetus to implement and improve upon these advantages, particularly from an environmental perspective. The drivers and incentives 
that currently exist in the industry were focused on growth and consolidation of the market, not exploiting sustainability advantages. 
From the analysis, multiple challenges and opportunities to improve the approach of the prefabricated building industry to sustain-
ability are apparent, spanning the whole building life cycle, from material production all the way to end-of-life disposal or reuse. These 
key challenges facing the industry, and the opportunities to overcome them, are summarised across the key life cycle stages in Fig. 6, 
and discussed in the following sections.

Material production: Understanding the life-cycle impacts of the materials used in construction is a growing focus at a policy level 
across the construction industry [45], but one which is only being considered in detail by a minority of the industry. Improving the 
process of assessing and selecting materials to extend beyond cost and practicalities – be that through life cycle assessment, under-
standing of embodied carbon (particularly sequestered carbon impacts of timber), or through toxicity of materials used – should be a 
growing focus. There is a need for clearer ways to “calculate and demonstrate what the savings are to the market …. not just [as] a 
rhetoric tool” (Interviewee 12). Previous research shows that there is significant variation in positive and negative impacts, depending 
on specific material choices [13,31]. Tension in the industry exists between the efficiency of steel construction and low wastage rates, 
with the embodied carbon benefits of timber construction. The centralisation of construction in the factory represents a reduction in 
the supply chain length that supports this more detailed analysis of material sourcing and choice, to optimise for environmental 
benefits. There is also an opportunity to provide customers with more information regarding the materials used in the building 
construction, including developing inventories of the footprints of prefabricated components [46], as products used becomes more 
standardised within factories or across industries.

Modular prefabrication: Within the factory, there is work to do industry-wide in order to move beyond relying on the inherent 
benefits of operating in a factory and fully realise the potential for waste reduction and reuse. At an industry level, this is challenging to 
implement given the wide variation in level of industrialisation of processes, customer requirements and locations. However, this also 
represents the low-hanging fruit whereby the sharing of knowledge and best-practices – along with collecting supporting data - 
amongst the industry can deliver substantial improvements. Particular opportunities exist through the increased uptake of digital 
technologies (e.g. BIM) and industrialisation processes, which was discussed by numerous interviewees but not currently in wide-
spread use by any of them. This supports previous findings, both in terms of the expected benefits from BIM, and also the slow 
implementation [24]. This has already been shown to lead to increase material efficiency, reduced waste generation and increased 
productivity in the workplace [14].

Transportation: The geography and population density of Australia increases the significance of transportation in embodied 
energy and carbon calculations, particularly when the industry is small, and factories are few in number. Transportation over long 
distances also increase packaging requirements, and potential for damage products to occur during this stage. Yet there are also 
significant benefits from economic perspective from centralising production and shipping the building, rather than transporting many 
workers to remote locations [47]. These challenges are well understood (e.g. Ref. [48]). However, mapping these trade-offs in an 
Australian context, particularly the implications of different levels of prefabrication (from panelised to modular) on transport impacts, 
can help the industry both optimise its offerings to the market and its contribution to further decarbonising construction.

Assembly on-site: The challenges and opportunities from moving from construction on-site to assembly only are largely social and 
economic. Currently some manufacturers will outsource on-site assembly, while others use the factory team to also erect buildings in- 
place. The skills profile required for site work has the potential to change with different degrees of prefabrication, with the potential to 
increase the diversity of participation in the construction workforce. This was widely seen as a huge benefit of a growth in prefab-
rication, with centralised prefabrication also leading to greater efficiency (interviewee 4) and a more stable environment leading to 
greater diversity (interviewee 16). As assembly requires reduced skill levels, it allows for remote areas with limited availability of 
specialised skills to access higher quality construction, as documented in a rural post-disaster context by Boehme et al [49]. Additional 
opportunities – recognised in the literature - are also associated with on-site assembly including improved site safety, rapid deployment 
of buildings in times of natural disasters and parallel scheduling of work to streamline construction processes [14,27].

Occupation and Operation: The performance of prefabricated buildings during their lifespan as occupied buildings is another 
area that presents potential future challenges. The market for prefabricated residential homes is still relatively small in Australia, and 
transitioning from designing temporary buildings (e.g. holiday cabins or school classrooms) to full time homes will change some of the 
drivers around comfort, usability and energy use. This has implications for environmental, economic and social sustainability in-
dicators for the industry. Whilst typically it is the design and material choices, rather than construction process that has the major 
impact on factors such as energy consumption [50,51], there are some specific issues linked to the designs that are more common in 
prefabrication (e.g. lightweight, steel frame) which would benefit from further study and guidance to incorporate best practice 
knowledge into current designs. Opportunities for improved performance through tighter quality control on construction aspects such 
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as airtightness should also be explored further by the industry. Durability and maintenance requirements for prefabricated buildings 
and components are areas that have been less well studied [15], and less of a focus during discussions with industry, however is an area 
the industry should be looking to address going forward.

End of life - Greater consideration of the fate of buildings as they reach the end-of-life, and incorporating design-for-disassembly 
concepts into the early stages are challenges that the industry is currently only thinking about in a niche way, yet has the potential for 
significant benefits [23,33]. While the more standardised processes create opportunities for potentially greater reuse of components, 
there are significant challenges. Current buildings codes or rating systems give minimal consideration of the implication of adaptable 
designs, or reuse of previous materials. Any new construction generated from reused components may need to be modified to comply 
with subsequent changes in the construction code. However, greater decarbonisation of the building industry demands an increase in 
material reuse, making this a strong opportunity for the sector.

5.2. Pathways to sustainability in the prefabrication industry

There are many positives for construction sustainability that could be realised from an increase in prefabricated construction in 
Australia. However, there is work required by the prefabrication industry to overcome the challenges currently faced and realise the 
opportunities. Based on the analysis in this paper, there is a staged approach required, with many actions that can be taken now, as well 
as others that require more detailed planning, evidence collection and long-term thinking to fully realise.

5.2.1. Short-term
Key to the progression of the prefabricated construction industry towards sustainability are short-term actions that can be taken 

within the industry right now. Across the board, there is a significant need to build the evidence base across the prefabricated con-
struction industry to support or challenge the sustainability claims in an Australian context. This was recognised by some in the in-
dustry as a key opportunity for improvement into the future. 

- “We need to start to develop more simple ways … to calculate and demonstrate what the savings are to the market because they want 
something of substance, not just [a] rhetorical tool.” (Interviewee 12)

Evidence to support the sustainability of prefabricated construction should include a standardised waste measurement method-
ology, both for prefabricated and conventional construction. This would allow for the collection of data to monitor and report on the 
progress of the industry towards improved sustainability performance.

It would also be useful for the industry to develop structured guidance for both manufacturers and procurers on in-factory sus-
tainability practices, covering environmental, social and economic indicators. Ongoing surveys and monitoring of industry practices 
would be useful in tracking performance against this guidance, as well as supporting the dissemination of knowledge from industry 
leaders. A regular, industry wide survey capturing the key sustainability indicators and performance against these would assist in 
tracking the progression of the industry and identifying areas for improvement.

5.2.2. Medium-term
Whilst it will require substantial effort and time to implement, it is seen as strategically important for the construction industry to 

support the continued development of Environmental Product Disclosures (EPDs) for Australian construction materials, along with 
LCA databases, to improve LCA analysis. The prefabricated industry occupies a unique space within this area due to the narrow range 
of materials typically used, and the replicability of whole building designs. As the industry moves towards decarbonisation, and hence 
towards assessing embodied carbon in buildings, if the prefabricated industry has invested into building the skills required in this area, 
and developing the background information available, it will be well placed to exploit the opportunities to be a front runner in this 
space.

5.2.3. Long-term
Over a longer timeframe, considerations focused particularly on the end-of-life and design for disassembly of prefabricated 

products are seen as the next frontier for future research to harness the sustainability opportunities of prefabricated construction. This 
should include the implications of material choice and construction methodologies on the reuse or end-of-life of prefabricated 
buildings, as well as adaptability of designs for alternative uses or a second life.

6. Conclusions

This paper has presented findings from investigating the current perceptions on sustainability and potential future pathways for the 
prefabricated construction industry in Australia. Through twenty-one semi-structured interviews with industry stakeholders, the 
research explored the potential sustainability benefits, challenges and opportunities of prefabrication, applying a thematic analysis 
based on the triple-bottom line sustainability criteria, as called for by López-Guerrero et al [13]. The study contextualised sustain-
ability indicators developed by Kamali et al. [20] to the Australian setting, identifying additional locally relevant indicators. The 
findings demonstrate growing interest in, and need for, leveraging prefabrication methods to achieve better sustainability outcomes, 
despite multiple barriers to achieving best practice in sustainability. Although the extent of prefabricated construction in Australia is 
relatively low, it is viewed as a growth industry with the potential to address some of the significant challenges the wider construction 
industry will face in coming decades.
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For industry in Australia, the perception of sustainability benefits of prefabrication stretched across all categories of environmental, 
economic and social, and reflected well the framework of criteria established from literature. Similar to other studies in the literature, 
there was a strong focus on environmental sustainability features. Whilst environmental benefits, in particular production efficiency 
and waste reduction, were discussed, there was minimal evidence provided to quantify the impact of these aspects. The economic 
discussion highlighted the need for designs to be economically sustainable and affordable, with opportunities seen in designing to be 
adaptable or for staged construction to enable improved financial planning. Balance is required between the capital required to 
establish manufacturing facilities and the market demand available, to offset investment risks. Social sustainability aspects included a 
reduction in the number of workers required on construction sites, improved safety, and a potentially more inclusive workplace in the 
factory setting. Additionally, the issue of transportation to site was identified as an additional consideration in Australia not included in 
the literature, due to the long distances required for transport of buildings and the remote locations where they are sent. This is both a 
challenge to the industry, as well as an opportunity where prefabrication provides a benefit over traditional construction.

The key areas of challenge and opportunity in moving towards sustainability for the industry identified from the interviews, were 
discussed across the stages of the building lifecycle. This highlighted that there are actions that can be taken at each stage of the project 
lifecycle from material production, modular prefabrication, transportation to assembly, operation and end of life considerations. In 
particular, increasing the uptake of Life Cycle Analysis was identified as critical for improving transparency and enabling targeted 
improvements. There is great potential for impact in the modular prefabrication stage through design and material efficiencies. Op-
portunities for improvement were also identified with a focus on the downstream end of construction through improved building 
energy efficiency, fast deployment for natural disaster relief and designing for disassembly and reuse. These challenges and oppor-
tunities highlight the potential of the industry and well as the need for improvement.

While the qualitative nature of this research revealed insights into the barriers and opportunities facing the industry, the lack of 
quantitative data regarding the environmental, economic and social indicators discussed throughout is a key limitation. Building a 
robust evidence base through on-site case studies and industry-wide surveys will be essential to benchmarking current performance 
and driving continual improvement. Future research should focus on building this evidence base to inform the industry action over the 
short, medium and long-term, both through the collection of specific on-site case study data, and establishment of industry-wide 
surveys. This would provide a valuable means to establish a benchmark of current industry performance, as well as track progress 
against to ensure continual improvement in the drive to improve sustainability.
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APPENDIX A. – Interview Guide

1. Introduction and existing market characterisation:

• Can you please provide an overview of your organisation/role and position in the wider supply chain?
• Using the example of a new build home, can you please explain the construction/manufacturing process from the point that you 

first become involved until the end of your involvement (or expected involvement)
• Can you please give a brief description of the work you perform and its associated value stream?
• What are the major value adding processes? What do you do that adds value? (for example, installation, procurement and 

consultancy)

2. Supply chain analysis:

Customer: 

M. Daly et al.                                                                                                                                                                                                           Journal of Building Engineering 102 (2025) 111805 

15 



• Describe your main customers (government, social housing, individual householders, developers etc)
• How many customers do you have and where are they located?
• Please state the average time between when a firm order is placed and when the product (retrofit, installation, construction etc.) is 

delivered.
• State the frequency of deliveries to your customers for the specified product.

Product: 

• Product variety – please state the number of variants of the specified product.
• Annual volume – What was the last years total sales volume? Please also specify the units.
• What other/how many organisations are carrying out activities on the product before end use? (for example, installation, addi-

tional tradesman assistance such as carpentry/electrical etc).
• What other/how many subcontractors do you work with?

Suppliers: 

• How many different suppliers do you require for the specified product and where are they located?
• Supplier delivery lead time – please state the average time between when you place a firm order with your suppliers and when they 

deliver the product.
• On the whole, how close a relationship do you have with your suppliers? (For example, ranging from partnership to adversarial).
• Where are you experiencing bottlenecks or restraints to capacity and capability?

3. Material flow (inputs and outputs):

• What are the key materials you use in your manufacturing process? Please talk me through: 
o Most important by volume
o Any innovative material uses
o Key material constraints or risks (of shortages) you face? (time, availability, quality?)

• Do you use any recycled materials in manufacturing?
• What are the packaging and transportation requirements of your products?
• Describe your major waste streams from manufacturing as well as from construction on site (type, volume etc) and what happens to 

those waste streams (recycled on site, recycled externally, landfill)
• Describe the end of life considerations for your components – reusability, deconstructability, recycling potential etc.

4. Sustainability

• What are key sustainability features (energy, water, waste etc) of your products or buildings?
• What are the key sustainability features (energy, water, waste etc) of your construction/manufacturing processes?
• What is your level of understanding of the embodied and operational energy/GHG/other metric impacts of a typical product?
• What forms of sustainability assessments do you need to conduct? E.g. LCA, BASIX, NatHERS, GreenStar, blower door testing? 

Waste auditing? 
o At what stage of the building process? (Business system level, Design, as-built etc)
o Who considers sustainability? (in-house team, product manager, consultant etc)

• How have your regular business practices changed in response to evolving sustainability considerations. e.g. materials, processes, 
future planning etc.

• What are the key challenges your business faces in terms of improving sustainability?

5. Improvements:

• What do you see as the single biggest thing your organisation could do to improve lifecycle sustainability of your products?
• How could this change be best assisted? 

o By industry
o By research
o By government

Data availability

Data will be made available on request.
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