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Abstract

This manuscript critically evaluates the potential of modular construction as a viable remedy to the ongoing housing crisis
in the UK. In light of the escalating construction costs and the long-standing lack of productivity gains in the residential
construction sector, there is in fact an urgent need to explore innovative solutions to address the scarcity of affordable
housing. The study delves then into the feasibility and effectiveness of modular construction in providing cost-efficient
and sustainable housing alternatives, particularly for the working-class population. Through a comprehensive analysis of
construction trends and methodologies, and stakeholder perspectives, this research aims to illuminate the advantages
and limitations of modular construction compared to traditional building techniques. Drawing upon data sourced from
construction professionals, and government records, the study assesses crucial factors such as construction timelines,
financial implications, design adaptability, and overall efficacy in tackling the housing crisis. The findings of this study
are poised to offer valuable insights into the potential role of modular construction in transforming housing solutions
in the UK. By examining the intersection of housing demand, construction practices, and technological advancements,
the manuscript seeks to inform decision-making processes in both public and private sectors. Ultimately, the objective
is to identify strategies that can facilitate the widespread adoption of modular construction as a sustainable and scalable
solution to the housing crisis, in line also with the principles of the circular economy, thereby enhancing access to safe,
affordable, and high-quality housing for all segments of society.
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1 Introduction

The United Kingdom is grappling with an unprecedented housing crisis characterized by soaring property prices,
stagnant supply, and a widening affordability gap, presenting formidable challenges for policymakers and citizens [31].
The demand for housing has surged due to population growth, urbanization trends, and evolving socio-economic
landscapes [8, 9, 12, 43-45]. Despite efforts to boost housing supply, the discord between demand and availability
persists, pushing homeownership and home occupancy further out of reach for many.

The staggering rise in residential construction costs in the UK has reached unsustainable levels, creating barriers
to homeownership and widening social disparities [29]. The average property price continues its meteoric ascent,
driven largely by land values rather than construction costs, far outpacing income growth rates and perpetuating the
unattainability of homeownership for many. The relentless surge in property prices, driven by escalating land values,
has priced out a significant portion of the population—particularly young adults and low-income households—Ileading
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to precarious living arrangements and, in some cases, homelessness [1]. This affordability crisis is often attributed to a
chronic shortage of housing supply, driven by planning constraints, requlatory red tape, and construction inefficiencies.
However, some experts, like Mulheirn [41], question whether increasing supply alone can effectively address the issue.
While enhanced construction technologies can help mitigate construction costs, they cannot address the rising land
values contributing to this crisis. This discord between housing demand and supply is then exacerbated by systemic
inefficiencies and market dynamics [40].

In response to the urgent need for affordable housing solutions, this manuscript sets out to explore the transformative
potential of modular construction in addressing the UK’s housing crisis [51]. Modular construction, characterized by off-
site fabrication of building components in controlled factory settings, offers a departure from traditional construction
methods. Modular construction, with its standardized production processes, optimized logistics, and expedited project
delivery, holds potential to revolutionize housing design and construction [51]. Research by Young et al. [57] highlights
that modular construction can significantly reduce construction time and costs compared to conventional methods.
Additionally, studies by Kamali and Hewage [39] demonstrate that modular construction promotes sustainability by
minimizing waste generation and resource consumption during the building process. Furthermore, research conducted
by Musa et al. [42] indicates that this method enhances the quality and durability of housing units through rigorous
factory-controlled manufacturing processes.

Modular construction presents a promising approach to addressing some aspects of the UK’s complex housing crisis
[51]. While it can potentially speed up construction and reduce costs, it is important to recognize that no single innovation
can fully resolve the multifaceted challenges, and market forces ultimately determine housing prices. While leveraging
innovative manufacturing techniques, this method offers the potential for faster, more cost-effective, and sustainable
housing delivery. However, it's important to consider why, despite its promise, this technology has struggled to gain
traction so far. Past efforts to industrialize housing construction, such as the ‘system built’ council housing estates of the
1960s, ended in failure, and more recent attempts to promote modular housing over the last 10-15 years have seen only
modest success, with significant setbacks including the closure of modular build factories [4].

In the context of escalating housing demands and environmental concerns, the exploration of modular construction’s
alignment with the circular economy then becomes not just pertinent but imperative for fostering sustainable urban
development. This study seeks to evaluate the efficacy of modular construction in addressing key challenges facing the
UK housing market, including affordability constraints, supply shortages, and construction bottlenecks. In employing
a mixed-methods research design, this manuscript combines the qualitative insights gathered from construction
professionals through a structured questionnaire with secondary data obtained from government sources and reputable
databases to analyse trends in housing prices and demand.

The implications of this research extend to policymakers, urban planners, developers, and construction professionals
grappling with the complexities of the UK housing crisis [33]. By critically examining the potential of modular construction
as a viable solution, this paper aims to make an original contribution to the literature by providing a balanced analysis of
its advantages and limitations within the broader context of the UK housing crisis. It then aims to inform decision-making
processes, foster innovation, and drive transformative change in the built environment sector. Moreover, by emphasizing
affordability, sustainability, and inclusivity in housing provision, this research contributes to broader discussions on social
equity and urban development.

2 Literature review

Exploring the intricate dynamics of housing market prices requires a multidimensional approach, encompassing
economic, geographic, and policy perspectives. Theoretical frameworks in economics provide foundational insights into
the mechanisms driving fluctuations in housing prices. Central to housing market price determination is the interplay
between supply and demand. Glaeser et al. [28] highlight how imbalances between housing supply and demand
influence price movements. When demand exceeds supply, prices often rise, while an oversupply can lead to price
declines. However, this basic principle oversimplifies the complex dynamics of the housing market, where factors like
land values, market speculation, and regulatory influences also play significant roles in shaping prices.

Geographic factors play another important role in shaping housing market prices. Malpezzi [40]; Adewale and Parisi
[1] emphasizes the impact of location on housing values, with proximity to urban centres, amenities, and transportation
hubs often correlating with higher prices. Accessibility to desirable locations drives demand, exerting upward pressure
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on prices in certain geographic areas. Understanding spatial variations in housing prices requires careful consideration of
these geographic influences. Housing markets exhibit segmentation based on various factors, including property types
and demographic characteristics. DiPasquale and Wheaton [18] suggest that different market segments may experience
distinct price dynamics. Luxury housing markets, for example, may respond differently to market stimuli compared to
affordable housing segments. Recognizing these segmentation realities is essential for analysing housing market prices
comprehensively.

Urban economics theory then underscores the role of policy and urban planning in shaping housing market dynam-
ics. Gyourko and Tracy [32] highlight the influence of zoning regulations, land use policies, and infrastructure invest-
ments on housing prices. Regulatory constraints and urban development patterns contribute to price differentials across
neighbourhoods and regions. Evaluating the impact of policy interventions requires an understanding of these urban
dynamics.

In this context, the insights provided by studies such as those by Donyavi, Flanagan, and Parisi [19], Donyavi et al.
[20], and Donyavi, Parisi, and Flanagan [21] offer valuable perspectives on the operational challenges faced by Micro,
Small, and Medium-sized Enterprises (MSMEs) in the construction sector. By understanding the complexities of materi-
als procurement and optimizing resource allocation, MSMEs can enhance their efficiency and competitiveness, thereby
contributing to the wider goal of addressing the housing crisis. Furthermore, the paradigm shift discussed by Donyavi,
Parisi, and Flanagan [21] underscores the need for innovation and adaptation within the construction industry. As the
manuscript explores the potential of modular construction to revolutionize housing delivery, it becomes imperative to
consider how MSMEs can leverage emerging technologies and management strategies to capitalize on this momentum.

Shifting the focus on the United Kingdom, the housing crisis is not just a matter of inadequate supply; it represents
a multifaceted challenge that demands innovative solutions to address the persistent gap between supply and
demand. The demand for housing in the UK continues to grow steadily, driven by population growth, urbanization,
and changing demographic trends [47]. Government research estimates an annual requirement of approximately
340,000 homes, with a significant portion needing to be affordable [50]. Despite various initiatives to increase
housing supply, construction rates have consistently fallen short of meeting demand, exacerbated by factors such
as the COVID-19 pandemic [47]. This persistent undersupply not only exacerbates affordability challenges but
also underscores the urgent need for innovative and efficient housing solutions [24]. Historical trends in housing
production (Figs. 1 and 2) reveal a chronic imbalance between demand and supply, highlighting the necessity of
adopting novel approaches to effectively address the housing crisis. It is imperative that these solutions not only
provide immediate relief but also contribute to long-term sustainability and resilience in the housing sector. Covid
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Table 1 Comparative data on

. B Metric Traditional affordable housing modular housing Sources
housing construction. Sources:
[2,35,17,49] £ per Square meter £2,997.00 £2,307.46 [2,35]
Typical construction time 6-12 months from start to finish 8-15 weeks of comple- [17]
tion period
Energy efficiency Standard Up to 15% better [49]

has had an impact on the property development and begun its increase, however now there is another decrease
[54] (Fig. 3).

In this context, modular construction presents a promising technology with potential benefits in efficiency,
sustainability, and scalability for addressing the UK's housing needs [36]. By assembling building components
in a controlled factory environment and transporting them to the construction site for assembly [52], modular
construction can significantly reduce construction time and costs while minimizing environmental impact [3].
Modular construction presents various potential benefits such as time savings, enhanced safety, and reduced material
waste [39]. Recent data from Hyams, A. [35] indicates that the average cost of traditional affordable housing in the
UK has risen to approximately £2,997.00 per square meter, with projects frequently extending beyond 12 months
[17]. In contrast, modular construction presents a transformative alternative by utilizing prefabricated components
manufactured off-site and assembled on-site, with 8 to 15 weeks of completion period [17]. This approach can reduce
overall project costs to approximately £2,307.46 per square meter [2] (Table 1).

While it aims to improve efficiency and productivity compared to traditional construction methods [52] and offers
advantages in precision and quality control, it is crucial to critically assess these claims, as it is important to recognize
that major efforts to promote modular construction over the past 10-15 years have yielded disappointing results,
highlighting the need for a more nuanced approach. The method'’s potential for minimizing on-site disruption and
contributing to sustainability goals [30, 38] should be evaluated in the context of both its successes and limitations.
Addressing the broader environmental and housing challenges requires a balanced examination of modular con-
struction’s effectiveness and practical impact.

Exploring modular construction through the lens of the circular economy then sheds light on its capacity to
tackle the UK’s housing challenges sustainably. As highlighted by Hossain et al. [34], integrating circular economy
principles into construction can optimize resource utilization and minimize waste generation. Furthermore, insights
from Gallego-Schmid, A. et al. [25] emphasize the transformative potential of circular strategies in mitigating envi-
ronmental footprints while enhancing the resilience of the construction sector. There is also a strict link between
this construction method and the Design and Build procurement method that integrates design and construction
under a single contract, fostering collaboration and streamlining project delivery [26]. This method, as opposite to a
sequential procurement approach favoured by the traditional construction and characterised by distinct phases of
design and construction [48], is particularly compatible with modular construction, as it enables seamless coordina-
tion between design adjustments and construction processes. While this approach offers greater flexibility, allowing
for design changes during the construction phase, it also presents challenges. Late-stage design changes can lead to
additional expenses and project delays, disrupting the original timeline and budget [48]. Moreover, the design and
build approach introduces complexities in contract management and risk allocation, requiring careful consideration
to ensure successful project outcomes.
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Despite its potential, modular construction in the UK has encountered challenges such as design flexibility and
logistical constraints [51]. Standardized module dimensions and transportation limitations may restrict architectural
creativity and customization [15], while coordination and logistical issues, particularly for large-scale projects, can
complicate on-site assembly [6]. Although proponents highlight benefits like cost-effectiveness and reduced construction
time, critics raise concerns about these limitations [14], including design constraints, transportation costs, and quality
control issues [5]. Additionally, previous studies may have limitations related to sample size, methodology, or geographical
scope, impacting the generalizability of their findings [56]. Understanding which of these factors has contributed to the
relatively disappointing progress of modular construction in the UK’s housebuilding industry since 2010 is crucial for
informed decision-making and policy development.

The historical context of ‘system built’ council housing from the 1960s and 1970s provides valuable insights into
the evolution of modular construction. The post-war push for system-built housing aimed to rapidly address housing
shortages through prefabricated units. However, many of these projects are now regarded as failures due to issues with
build quality, design inflexibility, and long-term durability, with significant maintenance problems and costly repairs.
Modern modular construction, however, has evolved significantly from these early attempts. Advances in technology and
materials have led to improved insulation, structural integrity, and design flexibility. Contemporary modular units now
offer up to 15% better energy performance compared to traditional homes [49], and their quality control measures have
reduced defect rates as well. Furthermore, the UK government has been proactive in supporting modular construction,
with recent policy updates aimed at reducing regulatory barriers and promoting wider adoption through the Modular
Housing Taskforce [11].

The J57 Mini City Skyscraper (Fig. 4) is a good example for its remarkable construction pace, with three floors erected
each day. This project well exemplifies the efficiency and speed of modular building systems, showcasing their scalability
and rapid deployment capabilities. Examining it provides valuable insights into the practical applications of modular
construction methodologies [22] and their potential impact on contemporary construction practices. Central to its
success is its extensive reliance on prefabrication techniques, with a staggering 95% of the structure fabricated off-site
in controlled factory environments. This prefabrication-centric approach not only expedited construction timelines but
also minimised disruptions to the urban landscape, thereby mitigating environmental impacts and enhancing overall
sustainability [55].

The environmental benefits of modular construction are further accentuated by the project’s reduced dependence on
traditional building materials, notably, concrete. Architect Xian Min Zhang lauds the project for its significant reduction
in concrete usage, equating to the elimination of 15,000 trucks’ worth of material, thus demonstrating a firm commit-
ment to resource efficiency and environmental stewardship [23]. Moreover, the swift completion of the J57 Skyscraper

Fig.4 J57 Mini City
Skyscraper design. Photo: ©
BROAD Group via CTBUH [37]

© BROAD Group via CTBUH |
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underscores the economic advantages inherent in modular construction methodologies. By optimizing project timelines
and minimizing labour costs associated with conventional construction methods, modular techniques offer compelling
cost-saving opportunities for developers and investors, heralding a more financially sustainable approach to urban
development [13]. The successful realization of the J57 Mini City Skyscraper underscores the transformative potential of
modular construction in addressing contemporary urban challenges. By embracing innovative building methodologies
such as prefabrication and modular assembly, projects of unprecedented scale and complexity can be executed with
remarkable speed, efficiency, and sustainability, reshaping the future of urban development worldwide [27].

As cities worldwide grapple with the urgent need for affordable, resilient, and sustainable housing solutions, case
studies like the J57 Skyscraper offer invaluable insights and inspiration for future development initiatives. By embrac-
ing modular construction principles and fostering collaborative innovation, the construction industry can chart a path
towards a more equitable and resilient urban future, one skyscraper at a time [53]. The J57 Mini City Skyscraper project in
Changsha, China, serves then as a beacon of hope and inspiration for addressing the UK’s housing crisis through inno-
vative construction methods. Its rapid completion, environmental consciousness, and cost-effectiveness showcase the
potential for modular construction to revolutionize housing development strategies.

In adapting the lessons learned from the J57 Mini City Skyscraper to the UK, it is crucial to recognise the unique socio-
economic and regulatory landscape. While the principles of rapid construction and sustainability are universal, nuances
in local policies, market demands, and architectural preferences may require tailored approaches [10]. Drawing parallels
to the UK, the lessons learned from the J57 Mini City Skyscraper case study offer significant applicability. The UK, facing its
own housing crisis, can draw inspiration from the project’s rapid construction pace, environmental considerations, and
cost efficiencies. However, challenges such as design complexity and scalability must be addressed to fully harness the
benefits of modular construction in the UK context [7]. Moreover, differences in regulatory frameworks, design prefer-
ences, and infrastructure may pose challenges to direct replication. For instance, although modular construction has
made some inroads in the UK, significant challenges persist, such as adapting designs to diverse urban landscapes and
scaling to meet varying demand. These issues require thorough evidence and detailed examination to accurately assess
their impact on the effectiveness of modular construction in different contexts [46]. The theoretical analysis presented
underscores the potential of modular construction as a solution to the UK's housing crisis. Drawing insights from the
case study of the J57 Mini City Skyscraper, it becomes evident that modular construction offers a viable path towards
rapid, sustainable, and cost-effective urban development. The advantages of modular construction—such as accelerated
project timelines, reduced environmental impact, and cost savings—position it as a promising solution for the growing
demand for affordable housing in urban areas. However, to understand why it has not yet achieved widespread adoption,
it is essential to examine the barriers and challenges that have impeded its progress to date.

3 Methodology

This study employs a mixed-methods research design to comprehensively investigate the viability of modular construc-
tion as a solution to the UK housing crisis. It then encompasses both qualitative and quantitative approaches, allowing
for a multifaceted exploration of the research questions [16].

The qualitative component of the research involves gathering insights from construction professionals through a
structured questionnaire. The choice of construction professionals as respondents for the questionnaire was deliberate,
aiming to gather diverse insights across the industry. By recruiting individuals for roles such as project managers, archi-
tects, engineers, and construction managers through a structured process involving targeted outreach, interviews, and
selection criteria, the research ensures a comprehensive range of perspectives from across the industry. This approach
is designed to capture diverse insights and experiences relevant to the study. Participants have been selected based on
their expertise and involvement in projects utilizing modular construction methods, which ensures that the data col-
lected is relevant and informed. However, it is important to note that their attitudes towards modular construction might
not be entirely objective, particularly if the questions are designed to align with the paper’s purpose of demonstrating
rather than critically investigating the efficacy of modular methods. The questionnaire (Appendix 1) has been designed
to elicit nuanced opinions and experiences regarding modular construction, focusing on key themes such as efficiency,
affordability, and sustainability. The research approach is characterised by a purposive sampling strategy, targeting
professionals with direct experience in construction and housing development projects. The qualitative data collec-
tion process will prioritise open-ended questions to allow participants to express their opinions freely and provide rich
insights into their experiences. Qualitative data obtained from the questionnaire have then been subjected to thematic
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analysis, wherein recurring themes and patterns will be identified and synthesized. Key themes related to the benefits,
challenges, and perceptions of modular construction have been extracted from the responses. Ethical considerations
are paramount throughout the research process, particularly concerning participant confidentiality, informed consent,
and data privacy. Participants have been assured of anonymity and confidentiality, with data aggregation techniques
employed to anonymize individual responses. Informed consent has been obtained from all participants, outlining the
purpose of the study, voluntary nature of participation, and data handling procedures. Data storage and handling comply
with relevant data protection regulations to ensure the security and integrity of research data.

In addition to qualitative data, this study as part of the literature review utilizes secondary data from government
sources and reputable databases to analyse trends in construction costs and logistics.

4 Results and analysis

This paragraph embarks on a comprehensive journey into the realm of modular construction, wielding a mixed-meth-
ods approach to dissect its potential as a panacea for the UK housing crisis. Through a judicious blend of quantitative
data analysis and qualitative insights gleaned from industry professionals, this study endeavours to unearth actionable
insights to inform future housing policy and development initiatives. The qualitative data obtained through Microsoft
Forms offers a snapshot of industry sentiment. The responses provide valuable insights that merit careful consideration
in the broader context of the study.

To start with, as clear from Fig. 5, the responses to the question about how modular construction might impact
the overall timeline reveal that opinions are relatively evenly split among the participants. Eleven people believe that
modaular construction can significantly reduce the timeline, another ten think it can minimize delays, and the remaining
ten indicate that the impact might be variable depending on the project.

However, these perspectives must be considered alongside the significant regulatory hurdles that have consistently
slowed the adoption of modular construction. Despite the potential for reduced timelines, the reality is that complex
planning permissions and stringent building codes—often not adapted to modular methods—pose substantial bar-
riers. These regulatory requirements demand extensive approvals, which can delay project initiation and execution,
undermining the perceived time savings that modular construction might offer.

Moreover, design limitations and logistical challenges further complicate the process. Modular construction’s reliance
on standardized components can restrict architectural flexibility, making it difficult to adapt to diverse project needs. This
limitation is particularly problematic in urban areas, where the transportation and assembly of modular units are often
hindered by restricted access and high-density environments. These logistical hurdles can erode the timeline advantages
that modular construction theoretically offers.

Market scepticism and high initial costs also contribute to the variability in impact on timelines. Concerns about the
durability and long-term performance of modular buildings, compared to traditional methods, lead to hesitancy in
adoption. Additionally, the substantial upfront investment required for modular construction—covering manufacturing
facilities, technology, and training—can create financial barriers that slow down the process. Establishing a reliable sup-
ply chain for modular components is another challenge, with potential disruptions affecting both timelines and costs.

1. How might incorporating modular construction into a project impact the overall timeline?

More Details

@ Ssignificantly Reduce the Timeline 11
@ Minimize Delays 10

@ Variable Impact 10

Fig.5 Survey Response to question number 1. Source: Authors’ elaboration, 2024
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2. Can you offer a comparison of timelines between modular construction and traditional methods, maybe
drawing from your own examples or experiences if you have any?

More Details

1 6 Latest Responses

Responses In the UK context it frequently yields shorter timelines than traditional meth...

Fig.6 Survey Response to question number 2. Source: Authors’ elaboration, 2024

3. Based on your experience with projects of various sizes, how do you perceive the impact of modular
construction on project costs?

More Details

. Yes, Generally Lower Costs 10
' Cost Savings Vary by Project 10

. Potential for Cost Savings, but N... 11

Fig.7 Survey response to question number 3. Source: Authors’ elaboration, 2024

Cultural and institutional resistance within the construction industry further exacerbates these issues. Traditional
construction practices are deeply ingrained, and shifting to modular methods requires overcoming significant resist-
ance to change. This resistance, combined with the aforementioned regulatory, logistical, and financial barriers,
explains why the adoption of modular construction remains slower than its potential benefits might suggest. Address-
ing these challenges is crucial to unlocking the full promise of modular construction in reducing project timelines
and enhancing overall efficiency in the UK’s housing sector.

When comparing timelines between modular construction and traditional methods then (Fig. 6), a spectrum of
perspectives emerges, reflecting diverse experiences and observations. Some contributors emphasise the inherent
efficiency of modular construction in expediting project timelines. They note that modular construction’s concurrent
onsite and offsite processes often lead to shorter overall durations compared to traditional methods, which may
involve sequential steps. As one respondent puts it, “modular construction can significantly expedite projects
through parallel assembly, potentially reducing completion times by up to 50%.” Another adds, “it typically presents
shorter timelines compared to traditional methods due to its streamlined assembly process and concurrent on-site
work.” On the other hand, some responses acknowledge the nuanced nature of project timelines, which can vary
depending on factors such as project scope. One contributor highlights this variability, stating, "the time saved can
vary." Similarly, others note that while modular construction has the potential to accelerate timelines, the extent of
time savings may differ based on individual project requirements. Personal experiences further enrich the discussion,
with anecdotes underscoring the accelerated timelines often associated with modular construction. For instance,
one participant shares, "in my experience, it has often showcased accelerated timelines, with projects completed
in months rather than years." Another adds, "drawing projects in the UK, modular construction has consistently
showcased accelerated timelines in comparison to traditional methods, attributed to its efficient off-site fabrication
and minimized on-site disruptions, leading to faster project completions." These insights collectively paint a nuanced
picture of the comparison between modular construction and traditional methods, highlighting both the potential
for time savings and the importance of considering project-specific factors.

Exploring the impact of modular construction on project costs (Fig. 7) unveils a range of perspectives stemming from
diverse experiences. The responses to the question of whether modular construction tends to lower project costs reveal
a nuanced understanding of the financial implications of this building method. The fact that respondents were almost
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evenly split between "yes, generally lower costs," "cost savings vary by project," and "potential for cost savings, but not
guaranteed" reflects the complexity of the economic dynamics at play.

Those who affirm that modular construction generally lowers costs likely see the benefits of off-site production, which
can streamline labour, reduce waste, and minimize on-site delays. However, this optimism must be tempered by the reality
of substantial requlatory hurdles that can erode these savings. Complex planning permissions, stringent building codes
that do not always accommodate modular methods, and the need for extensive approvals can introduce significant
delays and additional costs, thus diminishing the financial advantages of modular construction. These regulatory barriers
often mean that the anticipated cost reductions are not as straightforward or as significant as proponents might suggest.

The respondents who believe that cost savings vary by project highlight an essential consideration: modular construc-
tion’s financial benefits are not universal. They depend heavily on the specific circumstances of each project, including
its size, location, and complexity. For example, while modular methods may reduce costs in more predictable, repetitive
projects, they may be less effective in unique or highly customized builds. Furthermore, logistical challenges—particu-
larly in urban environments—can complicate transportation and assembly, adding unexpected expenses that offset
initial savings. These variable outcomes underscore the importance of careful project assessment before committing to
modular construction as a cost-saving measure.

Finally, the group that views cost savings as potential but not guaranteed provides a critical perspective on the inher-
ent uncertainties in modular construction. While there is potential for cost efficiency, it is not a given, particularly when
factoring in the high initial investment required for modular infrastructure, such as manufacturing facilities, technology,
and training. These upfront costs can be prohibitive and may not be recouped in the short term, particularly if projects
face delays due to regulatory issues or supply chain disruptions. Additionally, market scepticism regarding the durability
and quality of modular buildings can lead to resistance from clients and stakeholders, further complicating the financial
equation.

Cultural and institutional resistance within the construction industry compounds these challenges. Traditional con-
struction practices are deeply rooted, and the shift to modular methods is often met with scepticism and reluctance.
This resistance can lead to a slower adoption rate, limiting the potential for widespread cost savings that modular con-
struction might offer. Overcoming these barriers requires a concerted effort to address regulatory challenges, enhance
industry collaboration, and invest in the necessary technology and training to support modular construction’s growth.

While modular construction holds promise for reducing costs, then, the reality is far more complex. Regulatory hur-
dles, design limitations, logistical challenges, market scepticism, and institutional resistance all play significant roles
in determining whether these cost savings can be realized in practice. To fully capitalize on the potential of modular
construction, these barriers must be systematically addressed, requiring a multi-faceted approach that goes beyond the
mere adoption of new building techniques.

When reflecting on the financial implications of adopting modular construction then (Fig. 8), insights gleaned
from personal experiences shed light on the multifaceted nature of its impact on project costs. Several respondents
highlight the cost-saving advantages associated with modular construction. For instance, one contributor points out,
"its adoption contributed to decreasing costs by streamlining production processes, reducing labour expenses and
minimizing material waste.!" Another adds, "it primarily decreases costs by reducing labour expenses and accelerating
project timelines." These perspectives underscore the efficiency gains derived from modular techniques, particularly
in terms of labour optimisation and streamlined material procurement. However, it is important to acknowledge the
nuanced considerations that accompany these assertions. Some respondents caution against oversimplification, noting
that the impact on costs can vary depending on factors such as project scale, design complexity, and local market

4. Based on your personal experiences, could you explain how the adoption of modular construction either
contributed to increasing or decreasing costs? Please provide details on any specific cost areas that were
affected.

More Details

1 5 Latest Responses

Responses In the UK it usually cuts costs through streamlined labor, quicker project co...

Fig. 8 Survey Response to question number 4. Source: Authors’ elaboration, 2024
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conditions. As one respondent articulates, "while it may decrease costs through faster construction timelines and reduced
on-site labour, potential increases could arise from transportation expenses, customization requirements, and initial
investment in modular infrastructure. Nevertheless, overarching themes emerge, emphasising the significant influence
of modular construction on various cost areas. From accelerating project timelines to minimising waste and optimising
labour efficiency, the adoption of modular techniques appears to offer substantial opportunities for cost reduction. This
sentiment is echoed in responses highlighting the positive impact on expenditures related to construction labour, project
management, and material utilisation. While acknowledging the potential for variability and contextual factors, then,
the consensus among respondents suggests that modular construction often yields cost-saving benefits by enhancing
efficiency across key aspects of construction projects.

As shown in Fig. 9, The responses to the question regarding the impact of modular construction on labour costs reveal
a spectrum of perspectives, reflecting the varied and complex realities of the construction industry. The distribution of
opinions—11 respondents citing a "Significant Reduction in Labor Costs," 7 noting a "Moderate Impact on Labor Costs,"
and 13 acknowledging a "Variable Impact Depending on Project"—underscores that the effect of modular construction
on labour costs is not uniform across projects.

Those who believe that modular construction significantly reduces labour costs likely focus on the method’s ability
to streamline processes by shifting a substantial portion of work off-site. This off-site construction can reduce the need
for on-site labour, lower the risk of delays due to weather or other on-site issues, and improve efficiency through the use
of standardized, repetitive tasks that can be performed by a smaller, more specialized workforce. However, these poten-
tial labour savings are often complicated by regulatory hurdles, which can offset some of the advantages of modular
construction. Complex planning permissions and stringent building codes that are not adapted to modular techniques
can slow down projects and introduce additional labour costs related to compliance, inspections, and adjustments to
meet regulatory standards.

Respondents who noted a moderate impact on labour costs likely recognize that while modular construction can
indeed reduce the number of workers needed on-site, the overall cost savings may be mitigated by other factors. For
instance, the initial setup of modular construction processes, including investment in specialized training for workers and
the establishment of off-site manufacturing facilities, can require significant upfront costs. Moreover, the need for skilled
labour to transport, assemble, and integrate modular units on-site still persists, particularly in complex urban environ-
ments where logistical challenges can drive up labour costs. These challenges are particularly pronounced in high-density
areas where access is restricted, and the transportation of large modular units can be difficult and time-consuming.

The largest group of respondents, who reported a variable impact on labour costs depending on the project, highlight
the importance of context in determining the effectiveness of modular construction. The variability in labour cost sav-
ings is influenced by factors such as the scale and complexity of the project, the geographical location, and the degree
to which regulatory and logistical challenges are present. For example, in projects where design flexibility is limited,
the benefits of modular construction might be reduced, leading to fewer savings on labour costs. Additionally, market
scepticism regarding the quality and durability of modular buildings can result in higher labour costs due to increased
inspections, quality assurance processes, and the need for additional customization to meet client demands.

Moreover, high initial costs associated with modular construction, such as investment in manufacturing facilities and
training, can further diminish the expected labour savings. The establishment of a reliable supply chain for modular

5. What is your perspective on the impact of modular construction on labour costs in a project?

More Details

@ significant Reduction in Labour ... 11
' Moderate Impact on Labour Co... 7

. Variable Impact Depending on P... 13

Fig. 9 Survey Response to question number 5. Source: Authors’ elaboration, 2024
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components is crucial, as disruptions in this chain can lead to delays that increase labour costs and complicate project
timelines. The cultural and institutional resistance within the construction industry, where traditional methods are deeply
entrenched, also plays a role in moderating the impact of modular construction on labour costs. Without widespread
acceptance and adoption, the full potential of modular construction to reduce labour costs remains unrealized.

While modular construction offers the potential for significant labour cost reductions, then, the actual impact is highly
dependent on a variety of factors, including regulatory challenges, project-specific characteristics, and the broader
market context. To fully harness the potential of modular construction to lower labour costs, it is essential to address
these barriers through targeted policy reforms, industry collaboration, and investment in the necessary infrastructure
and training. Only by overcoming these challenges can the industry realize the full benefits of modular construction in
terms of labour cost savings.

Delving then into the rationale behind perspectives on labour costs in modular construction (Fig. 10) reveals a diverse
array of considerations, reflecting nuanced assessments of efficiency, skill demands, and other pertinent factors. Some
contributors stress the importance of meticulous examination and project-specific analysis. As one respondent notes,
"the potential cost savings depend on careful consideration of a lot of factors and project-specific circumstances.”
This sentiment underscores the need for a comprehensive understanding of the intricacies involved, suggesting that
blanket assertions may oversimplify the complex landscape of labour costs in modular construction. Others highlight
the potential for fluctuations in the workforce due to specific installation requirements. One contributor observes, "there
might be an increase in the workforce due to specific tasks required during the installation days." This acknowledgment
underscores the dynamic nature of labour demands within modular construction projects, where certain phases may
necessitate additional manpower. However, there is a prevailing consensus that modular construction tends to minimise
on-site labour requirements and demand less specialised skills. This perspective emphasises the efficiency gains derived
from off-site fabrication and standardised assembly processes. As one respondent articulates, "this method minimises
on-site labour requirements and demands less specialised skills." Such efficiency-driven considerations align with the
overarching rationale of optimising outcomes by strategically balancing resource allocation and leveraging skillsets
effectively. Moreover, contributors stress the importance of contextual factors and industry norms in shaping labour
cost dynamics. As one respondent highlights, "it may vary depending on the specific context, as factors such as industry
norms, organisational culture, and the unique challenges of a given situation could necessitate a nuanced approach
towards efficiency, skill demands, and other considerations." This recognition underscores the need for adaptable
strategies tailored to each unique context. In essence, while perspectives may vary, the overarching rationale hinges on
a holistic evaluation encompassing efficiency, skill demands, and contextual variables. By carefully weighing these factors,
stakeholders can navigate the complexities of labour costs in modular construction and strive for optimal outcomes
tailored to specific project contexts.

When considering the impact of modular construction methods on the complexity of developing advanced design
plans, a prevailing sentiment among respondents is affirmative, with 31 individuals asserting that indeed, the complexity
does increase (Fig. 11). This collective agreement hints at the multifaceted challenges inherent in integrating modular
techniques into the design process. Modular construction often requires meticulous planning and coordination to
accommodate prefabricated components, standardised modules, and logistical considerations associated with off-site
fabrication. As a result, design teams may face heightened complexity in ensuring seamless integration of modular
elements within the overall architectural vision. Moreover, the need to adhere to specific modular construction
standards and constraints can further compound the complexity of design planning. Ensuring compliance with modular
assembly requirements, structural integrity, and transportation logistics adds layers of intricacy to the design process,
necessitating close collaboration between architects, engineers, and modular construction specialists. However, it is

6. Kindly explain the rationale behind your perspective, taking into account factors like efficiency, skill
demands, or any other pertinent considerations.

More Details

'] 5 Latest Responses

Responses In the UK, my view balances efficiency, skill needs, and relevant factors, aimi...

Fig. 10 Survey Response to question number 6. Source: Authors’ elaboration, 2024
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7. Does the complexity of developing advanced design plans increase when utilizing modular construction

methods?
More Details
® Y 31
® No 0
® Maybe 0

Fig. 11 Survey Response to question number 7. Source: Authors’ elaboration, 2024

essential to recognise that while modular construction may introduce complexities, it also offers opportunities for
innovation and efficiency. By leveraging parametric design tools, digital fabrication technologies, and modular design
principles, designers can streamline the development of advanced design plans for modular projects. Furthermore,
modular construction’s potential to enhance construction speed and quality can outweigh the initial challenges posed by
increased design complexity. In summary, while acknowledging the heightened complexity associated with developing
advanced design plans for modular construction, it is crucial to view this challenge as an opportunity for creative problem-
solving and collaboration. By embracing modular design principles and leveraging technological advancements, design
teams can navigate complexities effectively and unlock the transformative potential of modular construction methods.

When considering the potential of modular construction for implementing intricate design concepts (Fig. 12),
a spectrum of perspectives emerges from respondents’ insights. Some contributors view modular construction as a
promising avenue for innovative architectural endeavours. One respondent notes, "it offers a promising avenue for
implementing intricate design concepts by leveraging its inherent efficiency and adaptability, allowing for greater
creativity and precision.” This perspective highlights the potential of modular techniques to facilitate the realisation
of complex design visions through their adaptable framework and collaborative approach. However, others caution
that complex designs pose challenges when employing modular construction methods. As one respondent
observes, "complex designs pose challenges when employing this approach." These challenges may stem from the
need to reconcile intricate design elements with modular assembly requirements and constraints, requiring careful
consideration and planning from design teams. Despite these challenges, many respondents express optimism about
the capacity of modular construction to efficiently realise complex design concepts. They view modular construction as a
compelling avenue for seamlessly integrating intricate design elements, harnessing its adaptable nature and systematic
methodologies to actualize cutting-edge architectural visions. One respondent aptly describes it as "a dynamic canvas
for bringing intricate design visions to life, offering a fusion of efficiency and creativity." Moreover, within the UK context,
respondents highlight modular construction as a transformative solution for addressing the demands of sustainable and
affordable housing while meeting stringent regulations. They see it as poised to redefine the architectural landscape
by efficiently executing complex design concepts and streamlining construction processes. While acknowledging the
challenges, then, respondents overwhelmingly perceive modular construction as a progressively efficient approach for

8. On the other hand, do you perceive Modular Construction as a progressively efficient approach for
implementing intricate design concepts? Please share your insights, particularly focusing on your experience
with modular construction and its capacity for design.

More Details

’I 7 Latest Responses

Responses In the UK, it holds immense promise for efficiently bringing to life intricate d...

Fig. 12 Survey Response to question number 8. Source: Authors’ elaboration, 2024
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implementing intricate design concepts. They recognise its potential to revolutionize the architectural landscape, offering
a dynamic canvas for creativity and innovation within the realm of construction.

When evaluating the efficiency of modular construction as a building method (Fig. 13), perspectives vary among
respondents, yet a prevailing sentiment underscores its efficacy, particularly in the context of sustainability and
streamlined processes. Several contributors highlight modular construction’s capacity to enhance sustainability,
empbhasizing its ability to minimise waste and integrate sustainable materials and practices. As one respondent asserts,
"undoubtedly, it stands as an efficient building method driven by its capacity to enhance sustainability." This viewpoint
underscores the role of modular construction in fostering environmentally conscious building practices and reducing
the industry’s ecological footprint. Moreover, many respondents draw from personal experiences to affirm modular
construction’s efficiency in terms of project management and economics. They cite quicker project timelines, cost-
effectiveness, and simplified project management as key advantages. One respondent succinctly summarizes, "based
on my experience, a project employing modular construction tends to be quicker, more economical, and simpler to
manage." These insights highlight the tangible benefits of modular construction in delivering efficient project outcomes.
However, some respondents acknowledge that further advancements are necessary for the technology to progress,
suggesting room for improvement in addressing certain challenges or limitations associated with modular construction
methods. In the UK context, respondents emphasise modular construction’s potential to address housing shortages and
infrastructure demands while promoting efficiency and sustainability. They see it as a promising avenue for reshaping
the construction landscape, offering a blend of efficiency, sustainability, and quality. One respondent noted, "in the UK, it
emerges as a potent solution, synergising efficiency with sustainability, resilience with innovation, and project outcomes
with a dynamic approach." In summary, while acknowledging the need for continued advancement, respondents
overwhelmingly perceive modular construction as an efficient building method, particularly for its contributions to
sustainability, streamlined processes, and project outcomes, both within the UK and globally.

5 Conclusions

The United Kingdom’s housing crisis, characterized by soaring prices, a profound mismatch between supply and demand,
and widening affordability gaps, remains one of the most pressing socio-economic challenges of our time. Despite
the urgency, solutions have been elusive, prompting stakeholders to explore innovative strategies that could reshape
the housing market and deliver sustainable outcomes for communities nationwide. Among these strategies, modular
construction has emerged as a potentially transformative approach, promising to disrupt traditional building practices
and offer a viable path toward alleviating the housing crisis. However, a deeper examination reveals that while modular
construction holds significant promise, its practical implementation is fraught with challenges that may limit its impact
if not carefully addressed.

Through qualitative analysis, this study provides a nuanced understanding of construction professionals’ attitudes
toward modular construction. A clear sense of optimism is evident, with many professionals highlighting its potential
to accelerate project timelines, reduce costs, and enhance sustainability. Yet, this optimism is tempered by real concerns
about the industry’s readiness to fully embrace this methodology. While modular construction could indeed revolutionize
the construction landscape, initial capital investments, coupled with perceived design inflexibilities, present significant
barriers. These concerns point to a broader issue: the construction industry’s conservative nature, which often resists
radical shifts, especially when they involve substantial upfront costs and untested practices on a large scale.

9. In your opinion, is modular construction an efficient method for building? Please offer succinct reasons for your
perspective, taking into account factors such as sustainability, durability, and overall project outcomes.

More Details

‘] 7 Latest Responses

Responses In the UK, it offers an efficient, sustainable solution to housing shortages an...

Fig. 13 Survey Response to question number 9. Source: Authors’ elaboration, 2024

@ Discover



Research Discover Applied Sciences (2024) 6:548 | https://doi.org/10.1007/s42452-024-06268-4

The analysis also reveals that regulatory barriers pose a formidable challenge to the adoption of modular construction.
Complex planning permissions and outdated building codes, which have not evolved to accommodate modular methods,
introduce delays, and add layers of bureaucratic complexity. These regulatory hurdles not only slow the adoption of
modular construction but also raise questions about the capacity of the current regulatory framework to support
innovation in housing. The persistence of these barriers suggests a deeper systemic inertia within the regulatory bodies,
which could stifle the very innovation needed to address the housing crisis. Thus, while modular construction offers a
streamlined and efficient building process in theory, in practice, it often encounters a regulatory quagmire that diminishes
its potential benefits.

Quantitative analysis further underscores the urgency of addressing the UK'’s housing affordability crisis. The study
highlights the relentless upward trajectory of housing prices, driven by factors such as urbanization, population growth,
and a constrained housing supply. Modular construction is posited as a solution that could scale efficiently to meet
diverse housing demands. However, the practical challenges of implementing modular construction, particularly in
urban areas, cannot be overlooked. The reliance on standardized components, while beneficial for efficiency, often
clashes with the need for architectural flexibility, especially in diverse urban environments. Logistical challenges, such
as transporting large modular units through congested urban areas, further complicate the process, undermining the
theoretical advantages of modular construction.

Supplemental findings on modular construction highlight a critical paradox: while it is lauded for its time-saving
and cost-reducing potential, the reality of its implementation reveals a more complex picture. Participants in the study
acknowledged modular construction’s capacity to reduce project timelines and costs. However, they also pointed to
mixed outcomes concerning labour costs and the challenges of executing advanced design plans. The initial investments
required to establish modular manufacturing facilities, coupled with the need for specialized training and technology,
represent substantial financial barriers. Furthermore, establishing a reliable supply chain for modular components—an
often-overlooked aspect—emerges as a critical challenge. Disruptions in this supply chain can have cascading effects,
leading to cost overruns and project delays.

Market scepticism and cultural resistance within the construction industry add another layer of complexity. Despite
the advantages of modular construction, there remains a deep-seated scepticism about the durability and long-term
performance of modular buildings. This scepticism is not entirely unfounded, as the long-term viability of modular con-
struction has yet to be proven on a wide scale in the UK. Moreover, the construction industry, traditionally conservative
and risk-averse, exhibits significant resistance to change. The entrenchment of traditional building practices, combined
with the challenges of retraining a workforce accustomed to conventional methods, means that the shift toward modular
construction is likely to be slower and more contested than proponents might hope.

The lessons from the J57 Mini City Skyscraper, while instructive, underscore the need for a tailored approach when
applying modular construction in the UK. The unique socio-economic and regulatory landscape of the UK presents
challenges that require careful adaptation of the principles of modular construction. The rapid construction pace and
sustainability achieved in the J57 project offer valuable insights, but direct replication in the UK context may be hindered
by differences in regulatory frameworks, design preferences, and urban infrastructure. The UK’s diverse urban landscapes
and varying demand levels necessitate a more flexible approach to modular construction, one that can adapt to local
conditions while still delivering on the promise of efficiency and sustainability.

In conclusion, while modular construction holds significant potential as a solution to the UK’s housing crisis, its wide-
spread adoption faces considerable challenges. Regulatory barriers, logistical constraints, design limitations, and market
scepticism all contribute to a complex landscape that cannot be navigated with a one-size-fits-all approach. To unlock
the full potential of modular construction, a concerted effort is required to address these challenges systematically. This
involves not only policy reforms and regulatory adjustments but also a cultural shift within the construction industry,
coupled with sustained investment in technology, infrastructure, and workforce development. Only by overcoming
these multifaceted barriers can the UK fully realize the promise of modular construction as a transformative solution to
its housing crisis.

5.1 Limitations of the study
In striving to illuminate the potential of modular construction in mitigating housing challenges, this study encounters
several constraints that merit recognition. To start with, the study predominantly focuses on the UK housing crisis, poten-

tially overlooking the complexities of housing issues in diverse global contexts. Future investigations should expand
their purview to encompass a broader geographical range, ensuring the applicability of findings across varied settings.
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The skewed composition of the sample toward specific professional backgrounds may introduce bias. To bolster the reli-
ability of findings, future research endeavours should aim for larger, more diverse samples. Furthermore, the subjective
nature of professional opinions captured in the questionnaire introduces variability and potential bias. Professionals
specialising in modular construction may exhibit inherent positivity towards the method, therefore influencing their
responses. Future studies should account for such biases to ensure the integrity of findings. Moreover, dependence solely
on self-reported data from construction professionals carries the risk of response bias and subjective interpretations.
Augmenting questionnaire data with alternative methods, such as interviews or observational studies, could offer a more
comprehensive understanding of stakeholder perspectives.

The study’s findings are contingent upon data collected within a specific timeframe, potentially disregarding long-term
trends or market fluctuations. Continuous monitoring and periodic reassessment of housing dynamics are imperative
to ensure the currency and accuracy of conclusions over time. The data collected on housing prices, while informative,
suffers from potential inconsistencies, particularly in the earlier years. The lack of detailed information and transparency
regarding data collection methods raises concerns about the reliability and accuracy of the dataset. Future research
should prioritise robust data collection practices to bolster the credibility of findings. While this study provides valu-
able insights into the potential of modular construction, then, its findings must be interpreted with caution due to the
aforementioned limitations. Acknowledging and addressing these constraints will be crucial in ensuring the validity and
applicability of future research in this domain.

5.2 Recommendations for future studies

Building on the insights gained from this research, future studies in the field of modular construction and housing solu-
tions should consider the following recommendations:

e Conduct longitudinal studies to track the evolution of modular construction practices and their impact on housing
affordability and availability over time. Longitudinal data collection allows for the identification of trends, patterns,
and emergent challenges in the adoption of modular construction methodologies.

e Expand comparative analyses to assess the performance of modular construction against alternative construction
methods in terms of cost, time, sustainability, and quality. Comparative studies can offer valuable insights into the
relative advantages and disadvantages of different approaches, informing evidence-based decision-making in the
construction industry.

o Foster interdisciplinary collaborations between researchers, policymakers, industry professionals, and community
stakeholders to address housing challenges from multiple perspectives. Interdisciplinary research frameworks enable
holistic problem-solving approaches and facilitate the integration of diverse expertise and insights.

o Evaluate the effectiveness of existing policies and regulations in promoting the adoption of modular construction and
addressing housing affordability issues. Policy evaluation studies can inform policy development and implementation
strategies aimed at creating an enabling environment for sustainable and inclusive housing solutions.
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Appendix 1: Questionnaire

1. How might incorporating modular construction into a project impact the overall timeline?

2. Can you offer a comparison of timelines between modular construction and traditional methods, maybe drawing
from your own examples or experiences if you have any?

3. Based on your experience with projects of various sizes, have you found that modular construction tends to lower
project costs?

4. Based on your personal experiences, could you explain how the adoption of modular construction either contributed
to increasing or decreasing costs? Please provide details on any specific cost areas that were affected.

5. What is your perspective on the impact of modular construction on labour costs in a project?

6. Kindly explain the rationale behind your perspective, taking into account factors like efficiency, skill demands, or any
other pertinent considerations.

7. Does the complexity of developing advanced design plans increase when utilizing modular construction methods?

8. On the other hand, do you perceive Modular Construction as a progressively efficient approach for implementing
intricate design concepts? Please share your insights, particularly focusing on your experience with modular con-
struction and its capacity for design.

9. In your opinion, is modular construction an efficient method for building? Please offer succinct reasons for your
perspective, taking into account factors such as sustainability, durability, and overall project outcomes.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you
will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/
by/4.0/.

References

1. Adewale B, Parisi L. Gender-Inclusive Regeneration Strategies for Inner City Housing. Manuscript in publication. [Manuscript submitted
for publication]. ACE Department, University of East London, London, UK 2024.

2. AECOM. Cost model—Modular construction. [pdf] pp. 10-17. Available at: https://www.aecom.com/without-limits/wp-content/uploa
ds/2017/05/LM00092_Modular_CM_0417_v3.pdf (Accessed: 22 August 2024) 2017.

3. Akinade OO, Oyedele LO, Ajayi SO, Bilal M, Alaka HA, Owolabi HA, Arawomo OO. Designing out construction waste using BIM technology:
Stakeholders’ expectations for industry deployment. J Clean Prod. 2018;180:375-85.

4. AppsP.The future of Modular, an unnecessary death and rising homelessness, Inside Housing. Available at: https://www.insidehousing.
co.uk/insight/the-week-in-housing-the-future-of-modular-an-unnecessary-death-and-rising-homelessness-81415 (Accessed: 22 August
2024) 2023.

@ Discover


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.aecom.com/without-limits/wp-content/uploads/2017/05/LM00092_Modular_CM_0417_v3.pdf
https://www.aecom.com/without-limits/wp-content/uploads/2017/05/LM00092_Modular_CM_0417_v3.pdf
https://www.insidehousing.co.uk/insight/the-week-in-housing-the-future-of-modular-an-unnecessary-death-and-rising-homelessness-81415
https://www.insidehousing.co.uk/insight/the-week-in-housing-the-future-of-modular-an-unnecessary-death-and-rising-homelessness-81415

Discover Applied Sciences (2024) 6:548 | https://doi.org/10.1007/542452-024-06268-4 Research

18.
19.

20.

21.

22.
23.

24,
25.

26.
27.
28.
29.

30.
31.
32
33.

34.

35.

36.

37.
38.

39.
40.
41.
42.

Azhar S, Lukkad MY, Ahmad I. An investigation of critical factors and constraints for selecting modular construction over conventional
stick-built technique. Int J Constr Educ Res. 2013;9(3):203-25.

Baldea M, Edgar TF, Stanley BL, Kiss AA. Modular manufacturing processes: status, challenges, and opportunities. AIChE J.
2017;63(10):4262-72.

Bello AO, Khan AA, Idris A, Awwal HM. Barriers to modular construction systems implementation in developing countries’ architecture,
engineering and construction industry. Eng Constr Archit Manag. 2024;31(8):3148-64.

Bevilacqua C, Borrello V, Maione C, Parisi L. The urban dimension of innovation policy: roxbury innovation centre. In: 13th Int’l
Postgraduate Research Conference, University of Salford, Conference Proceedings 14-15 Sept 2017, pp. 1040-1053 2017.
Bevilacqua C, Parisi L, Biancuzzo L Multi-stage strategic approach in spatial innovation: how innovation district matter?” Book series
“Smart Innovation, System and Technologies” (2190-3018) by SPRINGER 2018.

. Boafo FE, Kim JH, Kim JT. Performance of modular prefabricated architecture: case study-based review and future pathways.

Sustainability. 2016;8(6):558.

. Builtoffsite. Roll out of modular homes in NSW announced to address housing crisis, Built Offsite. Available at: https://builtoffsite.

com.au/news/roll-out-of-modular-homes-in-nsw-announced-to-address-housing-crisis/ (Accessed: 22 August 2024) 2024.

. Cantafio G, Parisi L. Micro-Wineries as drivers for local economic development and innovation in lagging areas. Wine Econ Policy.

2021;10(1):23-32. https://doi.org/10.36253/wep-8194.

. Changy, Li X, Masanet E, Zhang L, Huang Z, Ries R. Unlocking the green opportunity for prefabricated buildings and construction in

China. Resour Conserv Recycl. 2018;139:259-61.
Choi JO, Chen XB, Kim TW. Opportunities and challenges of modular methods in dense urban environment. Int J Constr Manag.
2019;19(2):93-105.

. Chourasia A, Singhal S, Manivannan. Prefabricated volumetric modular construction: a review on current systems, challenges, and

future prospects. Pract Period Struct Des Constr. 2023;28(1):03122009.

. Creswell JW, Creswell JD. Research design: qualitative, quantitative, and mixed methods approaches. Melbourne: Sage publications;

2017.

. Cormode & Dickson. Modular construction vs traditional construction: What's better?, Commercial General Contractor. Available at:

https://cormode.com/2019/03/modular-construction-vs-traditional-construction-whats-better/ (Accessed: 22 August 2024) 2019.

Di Pasquale D, Wheaton WC. Urban economics and real estate markets 1996.

Donyavi S, Flanagan R, Parisi L. Understanding the complexity of materials procurement in construction projects to build a conceptual
framework influencing supply chain management of MSMEs. Int J Constr Manag. 2023. https://doi.org/10.1080/15623599.2023.22678
62.

Donyavi S, Flanagan R, Assadi-Langroudi A, Parisi L. Optimising the use of materials for construction MSMEs: building a comprehensive
framework for decision-making and resource allocation through an analytic hierarchy process. Int J Constr Supply Chain Manag.
2023;13(1):50-74.

Donyavi S, Parisi L, Flanagan R. The paradigm shift needed by Micro, Small and Medium sized enterprises to operate in the international
construction market. Proceedings of the International Conference on the Leadership and Management of Projects in the digital age
(IC:LAMP 2022) - ISBN: 978-99958-0-808-2 2022.

El-Abidi KMA, Ghazali FEM. Motivations and limitations of prefabricated building: an overview. Appl Mech Mater. 2015;802:668-75.
Ferdous W, Manalo A, Sharda A, Bai Y, Ngo TD, Mendis P. Construction industry transformation through modular methods. In: Innovation
in construction: a practical guide to transforming the construction industry. Cham: Springer International Publishing; 2022. p. 259-76.
Fingleton B. Housing supply, housing demand, and affordability. Urban Stud. 2008;45(8):1545-63.

Gallego-Schmid A, Chen HM, Sharmina M, Mendoza JMF. Links between circular economy and climate change mitigation in the built
environment. J Clean Prod. 2020;260:121115.

Galvez Fernandez A (2017) A proposal for an integrated design-build project delivery

Gao Y, Tian XL. Prefabrication policies and the performance of construction industry in China. J Clean Prod. 2020;253:120042.

Glaeser EL, Gyourko J, Saks RE. Urban growth and housing supply. J Econ Geogr. 2006;6(1):71-89.

Goodman R, Buxton M, Chhetri P, Scheurer J, Taylor E, Wood G. Planning reform, land release and the supply of housing. Austral Hous
Urban Res Inst Position Paper Series. 2010;126:1-54.

Goubran S, Cucuzzella C. Integrating the sustainable development goals in building projects. J Sustain Res. 2019;1:e190010.

Gurran N, Bramley G. Urban planning and the housing market. Palgrave Macmillan UK. 2017;10:978-81.

Gyourko J, Tracy J. The structure of local public finance and the quality of life. J Polit Econ. 1991;99(4):774-806.

Halligan L. Home truths: the UK’s chronic housing shortage-how it happened, why it matters and the way to solve it. UK: Biteback
Publishing; 2021.

Hossain MU, Ng ST, Antwi-Afari P, Amor B. Circular economy and the construction industry: existing trends, challenges and prospective
framework for sustainable construction. Renew Sustain Energy Rev. 2020;130:109948.

Hyams A. Cost model: Affordable housing. [online]. Available at: https://www.building.co.uk/main-navigation/cost-model-affordable
housing/5082032.article (Accessed: 22 August 2024) 2016.

luorio O, Wallace A, Simpson K. Prefabs in the North of England: technological, environmental and social innovations. Sustainability.
2019;11(14):3884.

J57 Mini Sky City (n.d.). J57 Mini Sky City—The Skyscraper Center. https://www.skyscrapercenter.com/building/j57-mini-sky-city/19743.
Jiang Y, Zhao D, Wang D, Xing Y. Sustainable performance of buildings through modular prefabrication in the construction phase: a
comparative study. Sustainability. 2019;11(20):5658.

Kamali M, Hewage K. Life cycle performance of modular buildings: a critical review. Renew Sustain Energy Rev. 2017;62:1171-83.
Malpezzi S. Housing prices, externalities, and regulation in US metropolitan areas. Journal of Housing Research, 209-241 1996.
Mulheirn I. Tackling the UK housing crisis: is supply the answer. UK Collaborative Centre for Housing Evidence 2019.

Musa MF, Yusof MR, Mohammad MF, Mahbub R, Alam S, Com F. Characteristics of modular construction: meeting the needs of sustainability
and innovation. In Colloquium on Humanities, Science and Engineering (pp. 216-221) 2014.

@ Discover


https://builtoffsite.com.au/news/roll-out-of-modular-homes-in-nsw-announced-to-address-housing-crisis/
https://builtoffsite.com.au/news/roll-out-of-modular-homes-in-nsw-announced-to-address-housing-crisis/
https://doi.org/10.36253/wep-8194
https://cormode.com/2019/03/modular-construction-vs-traditional-construction-whats-better/
https://doi.org/10.1080/15623599.2023.2267862
https://doi.org/10.1080/15623599.2023.2267862
https://www.building.co.uk/main-navigation/cost-model-affordablehousing/5082032.article
https://www.building.co.uk/main-navigation/cost-model-affordablehousing/5082032.article
https://www.skyscrapercenter.com/building/j57-mini-sky-city/19743

Research Discover Applied Sciences (2024) 6:548 | https://doi.org/10.1007/s42452-024-06268-4

43.

44,

45.

46.

47.

48.
49.

50.

51.
52.

53.
54.
55.
56.

57.

Parisi L, Biancuzzo L. A new model of urban regeneration and economic revitalisation: the I.D.E.A. District, San Diego. J Architect Urban.
2021;45(2):155-63. https://doi.org/10.3846/jau.2021.14422.

Parisi L, Eger J. Exploring multiculturalism as a dynamic factor for spurring the new economy. Part Present Within Port Cities Urban Reg
Plan. 2020;5(4):114-21. https://doi.org/10.11648/j.urp.20200504.13.

Parisi L, Donyavi S. The hubs of transformation dictated by the innovation wave: Boston as a case study. J Region City Plan.
2023;34(3):248-69.

Piroozfar PA, Piller FT, editors. Mass customisation and personalisation in architecture and construction. New York: Routledge; 2013. p.
272-272.

Roberts SH, Axon CJ. Analysing the rising price of new private housing in the UK: a national accounting approach. Habitat Int.
2022;130:102690.

Rowlinson S, McDermott P. Procurement systems: A guide to best practice in construction. New York: Routledge; 2005.

Salman A. Building Green, living clean, Modular Building Institute. Available at: https://www.modular.org/2023/12/26/how-modular-const
ruction-leads-to-zero-waste-and-eco-fficiency/ (Accessed: 22 August 2024) 2024.

Schmickler A, Park KS. UK social housing and housing market in England: a statistical review and trends. LHI J Land Hous Urban Affairs.
2014;5(3):193-201.

Shibani A, Agha A, Alharasi TA, Hassan D. Prefabrication as a solution for tackling the building crisis in the UK. J Civ Eng Res. 2021;11(1):10-8.
Subramanya K, Kermanshachi S, Rouhanizadeh B. Modular construction vs. traditional construction: advantages and limitations: a
comparative study. In: Creative Construction e-Conference 2020 (pp. 11-19). Budapest University of Technology and Economics 2020.
Thai HT, Ngo T, Uy B. A review on modular construction for high-rise buildings. In Structures (Vol. 28, pp. 1265-1290). Elsevier 2020.
Wilson W, Barton C, Smith L. Tackling the under-supply of housing in England. Briefing paper, 7671 2018.

Wu Z, Luo L, Li H, Wang Y, Bi G, Antwi-Afari MF. An analysis on promoting prefabrication implementation in construction industry towards
sustainability. Int J Environ Res Public Health. 2021;18(21):11493.

Wuni lY, Shen GQ. Exploring the critical success determinants for supply chain management in modular integrated construction projects.
Smart Sustain Built Environ. 2023;12(2):258-76.

Young BE, Seidu RD, Thayaparan M, Appiah-Kubi J. Modular construction innovation in the UK: The case of residential buildings. In The
10th Annual Industrial Engineering and Operations Management (IEOM) Conference. IEOM Society 2020

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

@ Discover


https://doi.org/10.3846/jau.2021.14422
https://doi.org/10.11648/j.urp.20200504.13
https://www.modular.org/2023/12/26/how-modular-construction-leads-to-zero-waste-and-eco-fficiency/
https://www.modular.org/2023/12/26/how-modular-construction-leads-to-zero-waste-and-eco-fficiency/

	Modular momentum: assessing the efficacy of modular construction in alleviating the UK housing crisis
	Abstract
	1 Introduction
	2 Literature review
	3 Methodology
	4 Results and analysis
	5 Conclusions
	5.1 Limitations of the study
	5.2 Recommendations for future studies

	Acknowledgements 
	Appendix 1: Questionnaire
	References


