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aDepartment of Building and Real Estate, The Hong Kong Polytechnic University, Hong Kong; bDollahills Research Lab, Dollasoft Technologies,
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ABSTRACT
Modular integrated construction (MiC) has recently been promoted by the advanced countries as an
effective solution to 1) enable fast construction, 2) enhance the diminishing construction productivity,
and 3) support sustainable development. In response to the COVID-19 pandemic, the completion of a
MiC-based 1000-bed hospital in Wuhan, China, in less than a month, has made the world, especially
sophisticated economies, ’talking’ about this new technology. However, MiC is an ultra-modern technol-
ogy that has both its merits and demerits; balancing out between them to maximize the opportunities
that MiC has to offer needs insightful decision-making from higher authorities. Therefore, there is a vital
need to understand and analyze the two contrasting but related matters, ’benefits and challenges of MiC’
to help decision-makers in formulating better strategies based on informed choices. Past studies on MiC
reported benefits in terms of time, cost, quality, safety, and environmental and social impacts, however,
lack a holistic synthesis of MiC benefits by considering data from both the literature and real case studies.
Whereas, the assessment methodologies used to prioritize MiC challenges did not consider the hierarch-
ical nature of these challenges and their relative importance, which in turn impact the prioritization accur-
acy. This study contributed to bridging these gaps. Firstly, MiC benefits have been extensively explored
by adopting a mixed research approach integrating literature synthesis, structured discussions, and real
case studies. Then, a list of challenges was explored through literature synthesis and further validated
and shortlisted through the first set of interviews from MiC experts. The second set of interviews was
aimed mainly at evaluating the performance of MiC and providing recommendations for improvement
from the international perspective. The interviews revealed that MiC should be treated as a long-term
strategy and would not necessarily be a cheaper option in the short run, however, it would be a revolu-
tion in terms of time, quality, sustainability, safety, and life-cycle costs. Following the interviews, a ques-
tionnaire survey was conducted to prioritize the challenges using the multi-attribute group decision-
making (MAGDM) approach, namely, Analytical Hierarchy Process (AHP), considering the hierarchical
nature of challenges and their relative importance. The ‘road network capacity’ was found to be the most
critical challenge. Finally, case studies were further carried out to reveal the measures that were adopted
to mitigate the challenges in three international MiC projects. This research provides an interesting insight
into the positive and negative aspects of using MiC for interested governments and construction stake-
holders. It is anticipated that the benefits shall outweigh the drawbacks in the long run.
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Introduction

The construction sector contributes greatly toward economic
growth. The investment-led sector enhances the country’s long-
term competitiveness and affects the citizens’ quality of life.
Consequently, construction spending worldwide has reached
over US$11trillion in 2019 (Statistica 2020). Despite the colossal
investment, the construction industry is generally a second-wave
adapter and slow in adopting technological innovations. As a
result, the construction industry worldwide is suffering from low
productivity (Hasan et al. 2018), high defect rates (Love et al.
2018), and cost and time overruns (Vaardini et al. 2016). Bock
(2015) suggested that the construction industry needs to adopt
modern technologies to improve the situation from its current
stagnant position; modular integrated construction (MiC) is one
such trending technologies. MiC is the highest prefabrication

level where 80–90% of the construction work is implemented
off-site in a controlled manufacturing facility. The manufactured
modules with ready-to-use finishes and fixtures are then trans-
ported to the construction site for direct installation, thus requir-
ing minimal on-site construction work (Pan and Hon 2018).
MiC embraces the theories of modularity, modularization, design
for manufacture and assembly (DfMA), and lean production for
providing value-for-money (Pan and Hon 2018; Wuni and Shen
2020). Therefore, studies have indicated that MiC, if well-imple-
mented, leads to a reduction in construction time, construction
waste, carbon emissions, and whole life cost and leads to
improvements in quality, working environment, and productivity
(Wuni and Shen 2020).

Despite the numerous benefits, Bock (2015) pointed out that
new revolutionary technologies in the construction industry, in
particular, often face technical, financial, and organizational
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challenges that might hamper their performance in the initial
evolving stages. However, new technologies typically outperform
traditional construction technologies in the later growth and
maturity stages. Therefore, it is imperative for the early adopters
(i.e., MiC suppliers) to identify these challenges, estimate their
impacts on their organizations’ performance, and analyze
whether they have the potential and commitment to adopt MiC.
On the other hand, the customer (i.e., the owner) or the end-
users (i.e., the residents) need to comprehend the benefits of
MiC adoption during the initial stage. In a webinar conducted
by the construction industry council (CIC) in Hong Kong on
DfMA, two highly experienced guest speakers (MiC experts)
working in senior positions at two top construction companies
in the UK were invited. They indicated that contractors’ and
owners’ decision to adopt MiC rather than the traditional
method is highly dependent on the realization of its benefits. It
is noted through experience that some contractors in the UK
upon the realization of cost savings through quality and safety
enhancements and reduction of indirect costs opted for MiC
even with a higher construction price (CIC, 2020).

Besides suppliers, owners, and contractors, identification and
understanding of the benefits and challenges of MiC are an abso-
lute must for policymakers and academicians. Policymakers need
to realize MiC benefits to establish encouraging incentives and
thorough subsidy schemes for developers. Also, appropriate regu-
lations and standards are required to be in place to overcome
MiC challenges. On the other hand, academics need to support
practitioners by devising updated decision support systems con-
sidering complex MiC technicalities and challenges (Hussein and
Zayed 2020a; Abdelmageed and Zayed 2020). In a word, there is
an urgent need to identify and analyze the benefits and chal-
lenges of MiC.

The importance of understanding the benefits and challenges
of MiC has attracted some studies in the recent past. These stud-
ies can be classified into two categories based on applied research
methods. The first category of studies has utilized different
review methods (e.g., scientometric review, systematic review,
narrative reviews, etc.) to summarize the benefits and challenges
of MiC through literature synthesis. For instance, Rahim and
Qureshi (2018) summarized the advantages and limitations of
MiC using journal articles, books, reports, and newspaper
articles, from the Malaysian and Singaporean perspectives.
Ferdous et al. (2019) conducted a narrative review to synthesize
the new advancements, challenges, and opportunities of high-rise
MiC buildings using international case studies and journal
articles without geospatial restrictions. However, narrative
reviews are subjective in nature and may result in the authors’
bias (Hussein and Zayed 2020b; Tariq et al. 2020; Wang et al.
2021). To overcome the subjectivity of narrative reviews, Wuni
and Shen (2020) conducted a systematic review to identify the
adoption barriers of MiC from an international perspective.
Moreover, they proposed a framework to map the identified
barriers’ interactions. Despite the contributions of these reviews,
none of them provided a comprehensive and holistic analysis of
MiC benefits. Moreover, these reviews did not support MiC
stakeholders with a ranking of challenges. The ranking of MiC
challenges is of utmost importance to MiC stakeholders, espe-
cially for countries new to this technology, to optimize their
resource allocation towards the most significant challenges.
Consequently, some research pieces ranked the challenges solicit-
ing experts through questionnaires and interviews. Such pieces of
literature represent the second category of studies under investi-
gation. The majority of such studies provided a ranking of MiC

challenges using experts in specific countries or regions such the
Mainland China (Zhang et al. 2014), Singapore (Hwang et al.
2018b), and Hong Kong (Choi et al. 2019). For example,
Rahman (2014) provided a ranking of MiC challenges through
experts’ opinions from the UK and China. In these studies, the
experts were asked to assess a number of MiC challenges on a
Likert scale. Then, the researchers could obtain a ranking of MiC
challenges by calculating the mean of respondents’ assessment
for each challenge. Despite the popularity and easy-to-use, Likert
scales are incapable of considering the relative importance of
MiC challenges. Furthermore, due to the diversification of MiC
challenges, researchers recommend classifying them into catego-
ries to avoid causing any confusion during the assessment pro-
cess. For instance, Wuni and Shen (2020) have identified eight
categories of MiC barriers; each category includes a number of
related MiC barriers. Such categorization of factors would facili-
tate the assessment process and increase accuracy compared to
the results obtained through Likert scale-based surveys
(Anand, 2014).

In summary, the literature lacks a holistic analysis of MiC
benefits. Besides, the applied methodologies to rank MiC chal-
lenges ignore their interrelationships and relative importance.
Therefore, this research aims to address two main questions:
firstly, what are the benefits and potentials of MiC from a holis-
tic and international perspective? And secondly, what is the rela-
tive importance of MiC challenges? Benefits analysis was
conducted from literature and case studies to answer these ques-
tions. Then, challenges were explored through literature synthesis
and validated through interviews and surveys. After that, the
study applied multi-attribute group decision-making (MAGDM)
approach, namely the Analytic Hierarchy Process (AHP), to esti-
mate the relative importance of MiC challenges and provide a
ranking of their significance. Finally, the possible mitigation
measures were screened out using the experience of advanced
countries and expert interviews.

The rest of the study is organized as follows; section 2 reviews
the previous studies on the benefits and challenges of MiC.
Then, section 3 shows the applied research methodology, includ-
ing the design of interviews, questionnaires, and the proposed
AHP model structure. Section 4 analyzes and validates the bene-
fits of MiC from literature and international MiC projects.
Challenges of MiC are further shortlisted and validated through
expert interviews in section 5. Then, section 6 shows the AHP
model results, including the relative importance and ranking of
MiC challenges. Discussions on the challenges and benefits of
MiC and recommendations are provided in section 7. Finally,
concluding remarks are provided in section 8.

Literature review

The benefits and challenges of MiC have attracted several
researchers in recent years. For instance, Kamali and Hewage
(2016) focused on the sustainability dimension of MiC and
reviewed the benefits of MiC as a sustainable construction
method from the project life cycle perspective. Other benefits of
MiC include time-saving (Navaratnam et al. 2019), reduction in
site activities (Jabar et al. 2013), requirements for less site prepar-
ation (Pan and Hon 2018), and improvement in quality (Rahim
and Qureshi 2018). Despite the benefits, several challenges exist
in the worldwide adoption of MiC such as high initial cost, the
uncertainty of demand, difficulties in achieving economies of
scale, transportation of modules, difficulties in coordination and
planning, lack of codes, and lack of government support (Jabar
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et al. 2013; Navaratnam et al. 2019; Velamati 2012, Wuni et al.
2019, Ferdous et al. 2019, Hwang et al. 2018a; Rahman 2014;
Rahim and Qureshi 2018; Zhang et al. 2014).

The benefits and challenges of MiC have typically been
addressed to enlighten the construction industry of what they are
up against when adopting MiC, which may vary according to the
location, market status, and the official governmental support.
For example, Rahim and Qureshi (2018) reported the advantages
of MiC over prefabricated buildings from the Singapore stand-
point. Wuni and Shen (2020) listed the challenges of MiC by
performing a holistic international review of the literature. The
barriers were classified into eight categories: knowledge, attitu-
dinal, financial, technical, aesthetic, industry, process, and policy
barriers. This study showed the hierarchical nature of MiC chal-
lenges due to their diversification. Ferdous et al. (2019) found
challenges related to the technical advancements of MiC in terms
of designs and materials such as the lack of design guidelines,
scarcity of skilled workers, and transportation problems. Zhang
et al. (2014) focused on the Mainland China market and identi-
fied factors affecting the growth of MiC. Similarly, Rahman
(2014) targeted both Mainland China and UK markets, whereas
Hwang et al. (2018b) focused on the Singaporean market. Choi
et al. (2019) revealed challenges for using MiC in dense urban
environments such as Hong Kong and found transportation and
site access as the main barriers.

After reviewing the previous studies on the benefits and chal-
lenges of MiC, many research gaps could be identified. Firstly,
the majority of previous studies focused mainly on challenges.
However, the benefits of MiC require detailed analysis based on
real case studies and reviewing the opinions of experts in this
field. Secondly, several articles focused on particular markets that
bring the need to analyze the benefits and challenges from a
wider international perspective. Thirdly, most studies that pro-
vide the ranking of MiC challenges used Likert scales in the
assessment process. Likert scales are incapable of considering the
hierarchical nature of MiC challenges and their interrelationships
which might put their findings’ accuracy into question. This
study contributes to the body of knowledge by bridging these
research gaps. Firstly, the study analyzes the lessons learned
from actual case studies of constructed MiC projects to reflect
the true benefits of implementing MiC. The case studies are
selected from multiple countries to provide a wider perspective
of MiC benefits. The second contribution is considering the hier-
archical nature of MiC challenges and evaluating the relative
significance of MiC challenges through the adoption of a multi-
attribute group decision-making (MAGDM) approach.

Research methodology

This study adopted a mixed-method research approach. Firstly, a
literature review was conducted to explore the benefits of MiC.
Ten case studies were carried out to validate the benefits.
Secondly, a thorough literature synthesis was done to identify
the list of challenges to the implementation of MiC. Thirdly,
interviews from highly experienced experts were conducted to
further validate and shortlist the challenges from a more global
perspective. The other main purpose of conducting interviews
was to better understand the attitude of governments and the
industry towards the application of MiC. The interviewees were
selected based on their experience in MiC and the construction
industry. Fourthly, a questionnaire survey was carried out to pri-
oritize the MiC challenges using Analytical Hierarchy Process
(AHP). Only those challenges that were validated and shortlisted

through interviews were used in the questionnaire survey.
Fifthly, detailed case studies of three international MiC projects
were conducted aiming at 1) further validating the challenges of
implementing MiC from real-life experiences and exploring the
policies that were adopted to overcome the challenges and 2)
drawing useful lessons on the feasibility of MiC from a more
worldwide perspective. Lastly, recommendations were made on
maximizing benefits and mitigating challenges. Figure 1 shows
the research processes.

Interview design

Two types of interviews (A&B) were conducted, and three
experts were invited for each type of interview. Interview ‘A”
was conducted to seek experts’ opinions on the critical challenges
of MiC. These interviews were used to validate and shortlist the
tentative list of challenges synthesized from the literature.
Interview ‘B’ was designed to obtain information regarding the
benefits of MiC. Interviewees were asked to comment on the
feasibility of MiC and relations between the attitude of industry
and government policies.

Questionnaire design

The survey questionnaire using the application of AHP was
developed to collect data from the respondents. This survey
aimed to sort out the priority of the critical challenges in imple-
menting MiC so that the possible solutions could be raised fol-
lowing their priorities. The questionnaires were administered to
international construction practitioners in Hong Kong from 28th

Oct to 31st Oct 2019. At the end of the survey, twenty-nine
responses were collected and analyzed.

Prioritization of MiC challenges using Multi-Attribute group
Decision-Making (MAGDM)

As discussed in section 1, using Likert scales to assess the signifi-
cance of MiC challenges is not free of some limitations, includ-
ing inconsistency in respondents’ feedback and lack of
consideration of the hierarchical nature of MiC challenges. These
limitations might impact the accuracy of the obtained prioritiza-
tion. Therefore, recent studies resort to decision-making
approaches to address these limitations. Due to the complexity
and uncertainty of decision-making problems, it is vital to solicit
information from a group of experts to solve such multi-attribute
decision-making problems. In literature, this process is called
Multi-Attribute Group Decision-Making (MAGDM). Examples
of these approaches include; Analytic Network Process [ANP]
(Rong et al. 2020) and the analytical hierarchy process [AHP]
(Zhang et al. 2021). AHP is one of the MAGDM methods. AHP
is selected due to its simplicity and suitability to the hierarchical
nature of MiC challenges. AHP is a strategic-level decision sup-
port technique that breaks down a complex problem into a hier-
archical system (Yeung et al. 2020; Chung et al. 2020). In
particular, AHP makes optimal decisions that involve prioritizing
potential alternatives/sub-criteria. Using the pairwise comparison,
the evaluation of different criteria can be achieved. In this study,
the AHP provided an average significance weight for each
MiC challenge.
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Structuring of the model
To develop the AHP model, the first step was to set up a hier-
archy structure of the assessed challenges. Basically, the chal-
lenges were found through the review of extant literature, and
the hierarchical structure was devised into criteria and sub-crite-
ria as given in Figure 2. This model was developed through
structural discussions with four MiC researchers after validating
and shortlisting challenges from interviews (Validation details
are given in the next sections). The four researchers are actively
involved in MiC research and published in reputable journals.
The model comprised of three criteria and thirteen sub-criteria.
The nine-level scale (1–9) of pairwise comparison proposed by
Saaty and Vargas (2012) was used as a referenced scale for the
intensity of importance of different sub-criteria in each criterion
in the questionnaire survey (details later), with 1 being ’equally
important’, 3 being ’moderately more important’, 5 being
’strongly more important’, 7 being ’very strongly more
important’, 9 being ’extremely more important’, and the even
numbers in between representing intermediate importance. The
priorities of sub-criteria were synthesized using geometric means
of responses from the questionnaire survey.

Data collection and case studies

Benefit analysis of modular integrated construction

Details of case studies are given in Table 1. The table indicates
the duration of projects, the number of modules used, erection
duration for modules’ installation, project location, and comple-
tion year. These details represent the MiC part of each project.
Since the modules’ installation duration is smaller than the total
project duration, these projects were not 100% MiC. In theory, it
is very hard to have a 100% MiC project; this might only be
applied only to 2� 3 story buildings. Usually, medium and high-
rise buildings would still have large concrete structures to

support their statical system. However, this interpretation does
not apply to the project titled ‘Mini Sky City’ as this is a hybrid
project between several prefabricated techniques, including MiC,
so readers should keep these limitations in mind. The benefits
gained by using MiC in these 10 case studies are given in Table
2, whereas the analysis provides reliable validation for the bene-
fits of MiC. ‘Shortening of construction time’, ‘Improved prod-
uctivity’ and ‘Reduction in manpower’ were found in multiple
cases. Overall, all the case studies indicated that MiC shortens
construction time; 60% indicated a reduction in manpower, and
30% showed productivity improvement. The benefits were fur-
ther elaborated in the following sections (4.1.1� 4.1.5) with a
focus on evidence from the case studies. Again, to remind the
readers, part of the data is not available to the public due to con-
fidentiality issues, the conclusions are drawn from the case stud-
ies for which data were found.

Shortens construction time
The requirements of the DfMA approach in MiC lead to the
improvement of project scheduling. Scheduling work in an early
stage alleviates the foreseeable difficulties which might arise in
the later stages. As a result, better time control and site oper-
ation are achieved. Different phases of MiC may appear as early
as the design stage. For example, procurement activities may
overlap with the design process due to the early involvement of
fabricators (CIC. 2019a). According to the MiC Display Centre
(2019), MiC implementation saves up to 30% of construc-
tion time.

The time difference compared to the conventional method
was analyzed from the data reported for each case study. Some
of the cases did not state the exact percentage change; only a
range of change was suggested; therefore, the median of the
range was taken for the comparison. A negative percentage
change means the construction time was shortened, and vice

Figure 1. Research flow.
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Table 1. Details of case studies for benefit analysis.

Code Project

Characteristics

Year of
completion No. of stories No. of modules

Project
duration Erection time Country References

C1 Victoria Hall 2009 25 383 14months 27weeks UK Velamati (2012) and
Guthrie (2009)

C2 Mini Sky City 2015 57 2736 � 14months 19 days China Generalova et al. (2016) and
Caulfield (2016)

C3 NTU North Hill
Residence Hall

2015 13 1200 30months – Singapore Ho et al. (2018), Paqs (2019), Ho
(2018), and BBR Holdings
Ltd. (2014)

C4 Crowne Plaza Changi
Airport
hotel extension

2016 10 252 � 17months � 26 days Singapore Liew et al. (2018), Malone (2017),
CIC (2019b), and Lim (2016)

C5 Folsom Fairfield Inn 2016 3 52 318 days 4 days USA Trejos (2021), Modular Building
Institute (2016), and
Zayed (2020)

C6 NTU Nanyang
Crescent Hostel

2017 – 676 31months – Singapore Xu et al. (2020), Ho (2018), and
Zheng Keng Engineering and
Construction Pte Ltd (2017)

C7 Woodlands
Nursing Home

2017 9 343 15months – Singapore Liew et al. (2019), Lim (2018), and
TCP Consultants Pte Ltd (2017)

C8 Yuzana low-cost
housing projects

2018 5 – 3months 24 days Myanmar Lin (2020), Kang (2018)

C9 Brownstone Executive
Condominium

2018 – 4384 3 years – Singapore Rui and Yahya (2016), Ho (2018),
and City Developments
Limited (2019)

C10 The Clement Canopy 2019 40 1866 � 30months 12months Singapore The Clement Canopy (2019), CIC
(2019b), and Block (2019)

Figure 2. The hierarchy of critical challenges for MiC.
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versa. The data for time comparison is summarized in Table 3.
All of the projects have reported a shortening of the construction
period, ranging from 6% to 40%. The decrease in construction
time was due to the increase in productivity using modular tech-
nology. For example, in Crowne Plaza Changi Airport hotel
extension, Singapore, the average duration of the floor construc-
tion was between three and four days.

Another factor that affects the change in construction time is
the level of advancement in modular technology in a country. In
countries that practice MiC often, local companies gain experience
in project management, design, and construction, and workers
become familiar with the installation and connection of modules.
For the first two cases in Table 3(Victoria Hall, UK, and Mini Sky
City, China), both the UK and China have been practicing modular
construction for more than ten years. In the case of Mini Sky City,
China, it only took 19days to install more than one thousand mod-
ules for a 57-story building. This case was a remarkable achieve-
ment in the history of modular construction in China and showed
their skill level in using MiC. The negative relationship of construc-
tion time with less experience was also confirmed from the case of
NTU North Hill Residence Hall, Singapore, which was completed
in 2015. It was the first MiC-based high-rise residential project in
Singapore; therefore, the percentage decrease in construction time
was only 6%, much smaller than the other cases. Generally, the use
of MiC is expected to shorten the construction schedule by 20% to
50% (Bertram et al. 2019), which was witnessed in 7 out of 10
case studies.

Cost reduction
Another important advantage of MiC is cost savings. Lawson
and Ogden (2010) stated that up to 4% of overall saving occurs
due to less material wastage. The enhanced quality of modules
constructed in off-site facilities leads to a reduction of defects,
which contributes to less material waste even if the rework needs
to be done. Another reason for cost-saving is the replacement of
on-site workers with off-site workers. The labor rates of factory
workers are typically lower than on-site workers in advanced
economies; therefore, a significant reduction in labor costs is
achieved (Velamati 2012).

For the cost factor, data on the percentage change in construc-
tion was obtained for five cases given in Table 4. A negative

percentage change means a decrease in construction cost vice versa.
Only the Mini Sky City project, China, showed a reduction in con-
struction cost, and the other cases from the USA and Singapore
reported an increase in construction cost. The 57 stories of the
Mini Sky City project, China, were built within 19days. The instal-
lation speed was much faster than the normal modular projects,
which contributed to the overall cost saving. However, this case was
a hybrid prefabricated building project that integrated several pre-
fabrication techniques. In China, the contractor can easily find
many module suppliers and factories locally. Due to the large-scale
production of modules, the fixed cost can be spread over a large
number of products. Therefore, China can probably achieve econo-
mies of scale and lower average production costs. On the other
hand, the Singapore projects incurred an increase in cost due to the
high cost of shipping modules from China. From the cases, it can
be deduced that the cost of using MiC will be higher in the short
run, but in the long run, it is expected that cost will decrease with
the expansion of the development scale.

The interpretations regarding the cost-effectiveness of MiC
projects based on the mentioned case studies should be taken
sensitively, the cost details of projects were highly confidential,
and some clients would accept to incur extra cost for the sake of
other benefits/incentives. However, what is guaranteed is that
anything becomes cheaper if there are enough supply and avail-
able technical skills (Sugiarto et al. 2019). Therefore, the better
judgment of MiC cost-benefit should be made on a long-term
basis, not the short-term ones.

Improved quality
In modular fabrication factories, usually permanent labor force and
equipment are employed. Due to the experience and familiarity
with the equipment, the quality of works is enhanced. The
enhanced quality is also attributed to the controlled factory environ-
ment, such as fewer variations in temperature and moisture, and
no weather disruptions (Rippon 2011). The quality of using differ-
ent construction methods can be assessed based on the percentage
of rework required. No matter what causes the rework, it is
required when products’ quality does not meet the standard.

On-site rework can account for up to 30% of the site work in
conventional construction (BESA 2015). The rework cost
accounted for 4.4% of the total construction cost for 153 projects

Table 2. Validation of benefits from case studies.

S/N Benefits C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

1 Shortens construction time � � � � � � � � � �
2 Cost reduction NA � NA X NC X NA NA NA X
3 Improved quality NA NA NA NA NA NA NA NA � NA
4 Improved safety (zero accidents) NA NA NA NA NA NA NA NA � NA
5 Enhanced sustainability NA NA NA NA NA � NA NA NA �

Note: �¼ achieved benefit, X¼ did not achieve the benefit, NC¼ no change, NA¼ data not available.

Table 3. Time-savings analysis.

Project Year of completion Country % change in construction time Reference

Victoria Hall 2009 UK �40% Guthrie (2009)
Mini Sky City 2015 China �40% Caulfield (2016)
NTU North Hill Residence Hall 2015 Singapore �6% Paqs (2019)
Crowne Plaza Changi Airport hotel extension 2016 Singapore �17% Malone (2017)
Folsom Fairfield Inn 2016 USA �30% Modular Building Institute (2016)
NTU Nanyang Crescent Hostel 2017 Singapore �20% Ho (2018)
Woodlands Nursing Home 2017 Singapore �20% Lim (2018)
Yuzana low-cost housing projects 2018 Myanmar �40% Kang (2018)
Brownstone Executive Condominium 2018 Singapore �10% Ho (2018)
The Clement Canopy 2019 Singapore �25% EdgeProp (2019)
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reported by the Hong Kong construction industry development
in 2001 (CIC 2001). The percentage of rework in off-site produc-
tion is much lower than conventional on-site construction due
to the application of control tests and BIM at various stages.
This improves construction accuracy by minimizing errors (Lee
et al. 2020). Brownstone Executive Condominium, Singapore,
witnessed enhanced quality among the case studies.

Improved safety
The enclosed area in fabrication factories provides a better work-
ing environment for workers (Rippon 2011) and reduces the
safety risk that workers face in traditional construction sites.
During the fabrication of modules, most of the works are con-
ducted at the ground level. Working at height is no longer an
issue that reduces the risk of falling for workers. The controlled
environment also eliminates the presence of stagnant water and
obstacles. Therefore, the risk of slipping and tripping is reduced
(CIC. 2019a). Statistics showed that over 80% of reported acci-
dents are eliminated in a factory environment (Velamati 2012).

Besides, less on-site manpower is required, leading to more space
available, and workers are less likely to be struck by equipment
(Panel Built 2018). In the United States, the Occupational Safety and
Health Administration (OSHA), reported 125 accidents that
occurred between 2003 to 2012 in modular construction which were
far lower than conventional construction. Forty completed/in-pro-
gress MiC projects in Singapore did not even report a single acci-
dent. Among the case studies, Brownstone Executive Condominium,
Singapore, witnessed improved safety (zero accidents).

Enhanced sustainability
It is estimated that MiC projects produce at least 15% less con-
struction material waste (Lawson and Ogden 2010). The charac-
teristic of modules also permits reallocation and reuse. In the
traditional construction method, heavy vehicles frequently trans-
port construction materials to the site, which are usually not
enclosed due to convenience and allowable air entrance. The
implementation of MiC dramatically reduces dust issues.

For conventional construction, the major work is carried out on
the construction site; therefore, most of the waste is generated on-
site and disposed-off directly. For example, in Hong Kong, construc-
tion waste disposed at landfills reached 1.54 million tons in 2017,
accounting for 30% of the total waste disposal (Environmental
Protection Department 2017). For modular construction, the mod-
ules are only installed as the superstructure of the building, and
therefore, waste generated on-site is far less than conventional con-
struction. From the data available on case studies, NTU Nanyang
Crescent Hostel, Singapore, witnessed enhanced sustainability.

Potential challenges for MiC implementation

Several works of literature, providing a comprehensive explanation
of the challenges for MiC implementation in the global perspective,
were selected to construct a tentative list of challenges as given in

Table 5. Thirteen challenges after validation from the experts were
used for further investigation.

Validation of challenges through case studies

A comparison of different aspects of case studies is given in
Table 6.

MiC Display Centre
The MiC Display Centre was the first MiC building in Hong Kong
and was completed in October 2018. It was developed by the
Construction Industry Council of Hong Kong in collaboration with
the government (CIC. 2019a). To promote MiC in Hong Kong,
this centre serves as a visitor centre to exhibit modules flats devel-
oped in compliance with relevant Hong Kong building require-
ments. As a small-scale display centre, ten modules were utilized in
the whole construction. However, it consisted of five types of show
flats, including an elderly home, hotel, hostel, and two residential
units. One of the residential units and the lobby were a combin-
ation of two modules (MiC Display Centre 2019).

All the modules were 2.8 meters in width and 4.5 meters in
height. Special permits were granted by the transport department as
modules exceeded 2.5 meters. In Hong Kong, any module exceed-
ing 2.5 meters needs special permission and has to be transported
from 12 am to 5 am as per the regulations. It only took three
nights, from 2nd Aug to 4th Aug 2018, to erect the core structure.
The total time spent in the erection process was less than 24hours
(MiC Display Centre 2019). The whole project from fabricating
modules to the opening ceremony was completed in half a year.

The application of MiC in this project, especially the module
size, may not apply to high-rise building projects. Such massive
projects may involve hundreds or even thousands of modules.
Therefore, it is difficult to obtain thousands of permits at the
same time. As a result, the size of modules in massive projects
would relatively be less flexible due to the road restrictions in
dense urban metropolitans. However, this project could act as a
reference to deal with transportation issues.

Crowne plaza airport hotel
Crowne Plaza Airport Hotel, Singapore, completed in 2016, was
the first MiC based commercial project developed by the private
sector in Singapore. Taking advantage of the location, this hotel
was constructed for business travelers. According to Malone
(2017), Changi Airport is the 17th busiest airport globally.
Numerous travelers pass through daily, which necessitated the
need for additional hotels. MiC, as a result, became the alterna-
tive to achieve a fast track construction. From design to erection,
the total project duration was 17months (Dragages 2019). On-
site erection of the modules was completed in 26 days and pro-
vided 243 guestrooms with a gross floor area of 10,000 sq.m.

This project showed that a floor could be constructed in 2-3 days
using MiC. Comparatively, conventional construction methods
require 14 to 21days for the hardening process of concrete only.

Table 4. Cost-savings analysis.

Project Year of completion Country % change in construction cost References

Mini Sky City 2015 China �30% Caulfield (2016)
NTU North Hill Residence Hall 2015 Singapore 18% Paqs (2019)
Crowne Plaza Changi Airport hotel extension 2016 Singapore 10-15% Lim (2016)
Folsom Fairfield Inn 2016 USA 0% Zayed (2020)
The Clement Canopy 2019 Singapore 7.50% EdgeProp (2019)
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Dragages (2019) stated that the use of MiC led to around 45%
enhancement in productivity and around 40% reduction of man-
power in this project. The coincidence between the project scope
and characteristics of MiC contributed majorly to the project’s suc-
cess. Due to the locality of the site near the airport, there were
restrictions on the building height and traffic load (Dragages 2019).
The use of MiC led to a substantial reduction in traffic load as the
delivery of raw construction material was greatly reduced. Despite
its private nature, the Singapore government heavily supported the
project. This project’s financial statements and cost estimations are
a great reference to the upcoming MiC project.

Apex house
Apex House was completed in 2017 in Wembley, London, the
second tallest MiC building globally. Apex House was awarded
several awards in recognition of its offsite aspects (HTA 2017).
This project was started in 2016 and aimed to act as student

accommodation for the intake of 2017. Under the limited time,
MiC was used, and the project was completed in a record 12-
month period (HTA 2017). Six hundred seventy-nine (679) mod-
ules were used to construct 558 student rooms. Apex House was
a redevelopment project; the Apex House’s facilities, such as caf�e
and cinema room, improved the residential experience. In this
project, the site was congested, and enough space was not avail-
able to store modules. As a result, transport-and-lift measures
were applied, i.e., the modules were transported just-in-time to
the site and immediately lifted by the tower crane. The site plan-
ning in this project could act as a reference for MiC projects in
congested areas such as Hong Kong.

Challenges inherent in the case studies
Table 7 shows the six challenges validated through the cases. It
is important to note that the case studies (C1 – C3) validated
two challenges each, and there was no common challenge among

Table 5. Potential challenges of implementing MiC.

No. Potential challenges

Sources

A B C D E F G

1 Transportation method � � � � � � �
2 Contractor capability and experience � � � �
3 Site operations � � �
4 Program of the building � �
5 A/Es tendency � �
6 Initial cost � � � � �
7 Distance between site and factory � � � �
8 Fabricator capability and experience � � �
9 Coordination among practitioners � � � �
10 Early commitment �
11 Quality concern � � �
12 Manufacturing technology � �
13 Road network capability and capacity � � � � �
14 Additional protection material �
15 Productivity � � � � � �
16 Legal requirements � � � � � �
17 Industry knowledge � �
18 Cost planning and insurance � � �
19 Owner willingness � � �
20 Design freeze � � � � �
21 Shortage of fabricator �
22 Supply chain and procurement � � �
23 Site access � � � �
24 On-site storage area � � � � � �

Note: A¼ Choi et al. (2019); B¼Hwang et al. (2018b); C¼Azhar et al. (2012); D¼ Rippon (2011); E¼Wuni et al. (2019); F¼ Choi (2014); G¼ Smith (2014).

Table 6. Comparison of case studies for challenges.

Parameters MiC Display Centre, Hong Kong Crowne Plaza Airport Hotel, Singapore Apex House, UK

Year of completion 2018 2016 2017
No. of stories 3 10 29
No. of modules 10 252 679
Average time per story 1 day 2.6 days 3.1 days
Project duration 6months 17months 12months
Erection time 3 days 26 days 13weeks

Table 7. Validation of Challenges through Case Studies.

S/N Challenges C1 C2 C3

1 Road restrictions/transport issues �
2 Repetitive permit collection �
3 Severe restriction on the building height and traffic load due to locality �
4 Slow delivery of raw construction material �
5 Space issues on site �
6 Insufficient storage facility �

Note: C1¼MiC Display Centre; C2¼ Crowne Plaza Changi Airport; C3¼Apex house.
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them. The MiC Display Center encountered ‘Road restrictions/
transport issues’ and ‘Repetitive permit collection’, Crowne Plaza
Changi Airport was faced with ‘Severe restriction on the building
height and traffic load due to locality’ and ‘Slow delivery of raw
construction material’ while Apex house was confronted with
‘Space issues on site’ and ‘Insufficient storage facility’. The differ-
ence in the challenges can be attributed to different project
scope, location, and building type.

Interview analysis

In interview A, three practitioners, one each from the public sec-
tor, industry council, and consultancy, were asked for their opin-
ions on the critical challenges of MiC. They validated 13
challenges (Please refer to Figure 1). For interview B, semi-struc-
tured interviews were conducted to obtain first-hand information
from engineers and government officials to acquire a thorough
understanding of the MiC projects. Questions regarding the
practicality and future implementation of MiC in high-rise build-
ings were discussed. Interview B was separated into three parts:
(1) Performance of MiC; (2) Challenges of MiC; (3)
Recommendations for MiC.

Performance of MiC

The interviewees were asked to evaluate the expectations of the
construction industry towards MiC in terms of time, cost, qual-
ity, safety, and sustainability aspects of the technology (Table 8).
Generally, the interviewees agreed that the project time would be
shortened, and the manpower required will decrease. They also
expected that better quality, site safety, and environmental sus-
tainability could be achieved. However, regarding the cost, in
light of the current development of the construction industry in
most countries, the interviewees mentioned that the cost would
be slightly higher than the conventional construction method,
mainly due to the high level of off-site automation requirements
and the transportation cost.

Challenges of MiC

Interviewees believed that one of the main challenges of MiC
implementation is the lack of local expertise as only a handful of
projects have been executed in most countries. For example, for
the first project in Hong Kong, the Student residence at Wong
Chuk Hang Site, the project required to team up experts from a
foreign country. Besides, the local contractor and labor in many
countries might also lack MiC installation experience.

Furthermore, more effort is required to design the structural
elements following MiC standards. A large wind load require-
ment might be another important design consideration for sev-
eral countries, i.e., the connection and joints of the modular
units must be able to resist strong wind. Interviewees also
showed concerns about the height of a MiC building. For

example, in Hong Kong and Singapore, there is a high demand
for high-rise buildings, and most of the residential buildings eas-
ily reach 30 stories or many even higher. For a MiC building, it
would be hard to reach a similar height due to structural stabil-
ity, the load-bearing ability of the structural materials, etc.
Despite the potential challenges, the interviewees agreed that
MiC would be an effective method to solve the labor shortage in
the construction industry. With time contractors will become
skillful, and designers will be familiar with design requirements.

Questionnaire analysis

Demographic characteristics of the respondents

A questionnaire survey was conducted from the construction
practitioners in Hong Kong, from 28th Oct to 31st Oct 2019.
Architectural and Engineering professionals were targeted in this
survey. Twenty-nine (29) valid responses were collected, out of
which 13 were collected through a face-to-face survey, and the
rest were collected through an online survey. Table 9 shows the
demographic characteristics of the respondents. Twenty-eight
(28%) of the respondents were architects, 38% were civil engi-
neers, and 34% were other construction-related practitioners.
31% of the respondents worked with developers, 48% worked
with contractors, and 21% worked in consultancy firms.
Furthermore, 45% of the respondents have experience of 5 or
more years, and respondents represented a diverse field of AEC,
indicating the reliability of the survey. Only responses with a
consistency ratio of less than 0.1 were used to ensure the reliabil-
ity of the results.

Prioritization of challenges through AHP

All the collected data were found valid and reliable as the con-
sistency ratio of all the respondents was lower than 0.1.
Weightings of the criteria and sub-criteria and global weights of
sub-criteria were calculated using AHP online system (AHP-OS)
for every respondent. To synthesis the priorities for each of the
sub-criteria, two more steps in the calculation were required: 1)
calculation of global weights for each of the respondents, and 2)
calculation of geometric means for the sample.

With the setup of the matrix, eigenvectors for each of the cri-
teria and sub-criteria were calculated by simply using AHP-OS.
Weightings of the criteria and sub-criteria show their relative
importance in the view of respondents. To achieve global weights
for each of the sub-criteria, relative weights in each level were
multiplied with each other. After calculating global weights for
each of the respondents, geometric means were used as the last
step in synthesizing priorities. The geometric mean was obtained
by merging the global weights for each of the respondents.

Table 10 shows the geometric means and ranking of all the
sub-criteria, which is also presented in a graphical form in
Figure 3. The top five challenges were ‘road network capability
or capacity’ (0.1398), ‘transportation method’ (0.1237), ‘design
freeze’ (0.0993), ‘site access’ (0.0785) and ‘on-site storage
area’ (0.0674).

Discussions

Challenges of MiC

The case studies validated six challenges, and AHP established
five major challenges. The case studies and AHP agree that there

Table 8. Main Summary of interview responses on the performance of MiC.

Aspect Evaluation

Time The project duration will be shortened.
Cost The cost will be slightly higher in the current

stage, but the cost will be lower than the
conventional construction method in the future.

Quality The quality of the building will be improved.
Sustainability Less waste will be generated.
Safety The controlled environment will enhance site safety.
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are challenges in terms of road/transport, site, and storage. The
transportation restrictions make MiC an invalid option in certain
locations. The module weight is a major concern, as sometimes
the roads are not designed to carry such a heavyweight, espe-
cially a city’s internal roads. Also, the complexity increases with
the necessity for permits to perform heavy transportation. Some
metropolitans allow transportation at night, which reduces the
production rate of MiC and eliminate the time-saving benefit,
consequently incurring additional cost. The transportation issue
was ranked as a top challenge in both case studies and AHP.

The shortage of on-site space issue was also repeated in both
case studies and AHP. This may not apply to all projects; how-
ever, it may concern major metropolitans such as Hong Kong,
Singapore, and New York. Proper site management from the
contractor side is essential to overcome this challenge. This prob-
lem also complicates the installation process 1) in case of low-
rise MiC buildings as mobile cranes require space to operate
properly, and 2) in case of high-rise MiC projects, the project
may require more than one tower crane to achieve optimum
productivity which may not be available due to shortage of on-
site space.

The third mutual result between case studies and AHP was
the lack of storage area. This burdens the MiC supply chain and
project management as the execution process will need to
depend on a just-in-time (JIT) delivery system. Module arrival
schedule to the site may be delayed due to several controllable/
uncontrollable reasons, which will impact the on-site resource
utilization and eventually may result in additional costs.

The analysis using AHP has put the design freeze issue as one
of the top challenges facing MiC. Clients normally use their abil-
ity to vary the work in traditional construction based on the pro-
visions of the contract. Design freeze in MiC deprives clients of
doing that and forces them to accept a finalized design even
before the manufacturing of modules starts. This issue may serve
as a strong reason for clients to favor conventional construction
techniques over MiC.

Benefits of MiC

Case studies and interviews were used to explore the benefits of
MiC implementation at the industry level. The benefits revealed
from cases include cost reduction, shortened construction time,
improved productivity, improved construction safety, and
enhanced sustainability. The interviewees confirmed that MiC
would offer excellent quality, site safety, and environmental sus-
tainability compared to the conventional method. However, they

had reservations regarding the cost efficiency of MiC projects
because of the technicalities involved. Kamali and Hewage (2016)
mentioned that the overall cost savings of modular construction
could be up to 10%. Similarly, the case study by Lopez and
Froese (2016) suggested that modular construction could provide
7–11% cost reduction compared to the commonly used panelized
construction. A survey conducted in the United States by
McGraw Hill indicated that 65% of companies using modular
construction reported a reduction in their project budget
(Javanifard et al. 2013). The majority of the reduction arises
from a shorter construction schedule, increased quality control,
decreased expensive labor, and minimized waste (Javanifard et al.
2013). On the contrary, some researchers suggested skepticism
regarding the cost benefits of MiC. It has been noted that modu-
lar construction has a significant barrier in the form of higher
initial start-up costs (Hwang et al. 2018a; Rahman 2014).
Additionally, an economy of scale is needed to realize the poten-
tial of modular construction (Lawson et al. 2014). Rahman
(2014) highlighted that modular construction costs would be
higher if the project is small due to less/no repetition of mod-
ules. Nonetheless, modular construction provides fewer variables
for cost estimation and, therefore, an accurate early prediction
is possible.

Furthermore, modular construction offers a better quality of
work since the rework percentage is lower because off-site pro-
duction dominates. Fixing the modules’ design at an early stage
greatly affects the rework as it typically incurs due to design
changes. Besides, modules are built in the factory, which
increases the chance of getting the design right for the first time,
and quality control is easier in that environment (Bertram et al.
2019). It is suggested that off-site construction can increase the
quality of products by reducing rework to �1% (Barista 2019).

The Waste & Resources Action Program reported that off-site
production could lead to about a 90% reduction in material
waste on-site. This statement is confirmed by several construc-
tion companies that adopted modularization in their projects;
76% claimed at least some reduction in on-site waste while 44%
reported that the waste reduced by 5% or more (McGraw-Hill
Construction 2011). Also, modular construction allows efficient/
sustainable use of the material because the product requires a
higher level of standardization. In the off-site environment, it is
easier to gather and reuse waste instead of disposing of it. Using
modular technology, 87.9% of waste on average can be reused at
the site, and 6.2% of waste can be recycled (Lachimpadi et al.
2012). One of the cases from Singapore, the clement canopy,
suggested that the MiC enabled a reduction of 70% waste on-site
and 30% waste off-site.

Table 9. Demographic information of respondents.

Variables Frequency (No) Percentage (%)

Profession Architecture 8 28%
Civil engineering 11 38%
Building engineering 5 17%
Construction management 3 10%
Others 2 7%
Total 29 100%

Organization Developer 9 31%
Contractor 14 48%
Consultant 6 21%
Total 29 100%

Working
experience

1–4 years 16 55%

5–9 years 10 35%
10 years or above 3 10%
Total 29 100%

Table 10. Geometric mean and rankings of challenges.

Sub-criteria
Geometric
mean Rank

Site access 0.0785 4
On-site storage area 0.0674 5
Productivity 0.0613 6
Initial cost 0.0587 7
Legal requirement 0.017 13
Transportation method 0.1237 2
Distance between site and factory 0.0584 8
Road network capability or capacity 0.1398 1
Contractor capability and experience 0.0173 11
Fabricator capability and experience 0.0172 12
Owner willingness 0.0227 10
Design freeze 0.0993 3
Coordination among practitioners 0.0306 9
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Recommendations for MiC implementation from interviews

Interviewees admired governments of some countries such as
Singapore and Hong Kong for providing incentives to the indus-
try to stimulate the private sector in adopting MiC. For example,
in Hong Kong, a gross floor area (GFA) concession of 6 percent
is provided on the building area using MiC. This compensates
for the floor area reduced due to the overlapping of modules.
On the other hand, the Singaporean government has started
using MiC in the industry since 2013, and currently, 40 MiC
projects are under-progress/completed. Singapore is faced with a
similar problem as Hong Kong, such as labor shortage, limited
land for development, and the need for high-rise buildings.
Therefore, their government promoted the use of MiC pro-
actively in their policies, such as requiring the selected
Government Land Sale sites to build 65% (minimum) of the
superstructure using MiC (CIC. 2019a).

The interviewees suggested that the current MiC guidelines
need improvements such as providing more details to facilitate
the suppliers in fulfilling the electricity ordinance, gas safety
ordinance, waterworks ordinance, and fire safety ordinance.
Besides, the construction councils should provide workers
with training to enhance their skills to support the local con-
tractors. Additionally, research and analysis of high-rise MiC
buildings should be carried out. The feasibility of setting up
local manufacturing facilities for MiC modules should also be
investigated to accommodate the long-term industrial develop-
mental needs.

Conclusions

MiC is an effective construction method to enhance the product-
ivity and long-term development potential of advanced countries.
Therefore, there is a need to analyze its benefits and estimate the
significance of its challenges to help MiC stakeholders in making
insightful strategic decisions. However, the literature still lacks a
holistic analysis of MiC benefits. Also, the estimation methods of
MiC challenges used in the previous studies ignored the hier-
archical nature of these challenges and their relative importance,
which in turn impact the accuracy of the findings. Therefore,
this study contributed by addressing these research gaps. Firstly,
this research analyzed the benefits of MiC obtained from litera-
ture and real case studies of MiC projects from different coun-
tries. Secondly, interviews were conducted to analyze the
potential challenges of MiC compared to the conventional con-
struction method. The results showed that MiC would perform
better than conventional construction in terms of time, quality,
sustainability, and safety. However, the cost may be higher in the
initial stage of implementation. Thirdly, a tentative list of critical
challenges of MiC was synthesized from the literature which was
validated by the experts. The finalized list with three criteria and
13 sub-criteria was fixed after the interviews. Fourthly, to con-
sider the hierarchical nature of MiC challenges and their relative
importance, AHP was used to evaluate the significance of these
challenges and prioritize them based on information solicited
from a group of experts in MiC. The top five challenges identi-
fied were road network capability or capacity, transportation

Figure 3. Relative weights and global weights of criteria and sub-criteria.
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method, design freeze, site access, and on-site storage area.
Besides, three international case studies were conducted to verify
the identified challenges and propose mitigation measures. The
measures will provide a valuable guide for construction stake-
holders and governments interested in MiC. This research gener-
alized the critical benefits of MiC at the industry level from a
more global perspective. Also, the proposed ranking of MiC
challenges would help MiC stakeholders in optimizing the alloca-
tion of their limited resources to meet these challenges.
However, it is difficult to overcome all the challenges of MiC in
the time being. Therefore, the mitigation measures proposed to
the government and industry stakeholders could make it more
feasible and applicable.

A further study is recommended on specific issues such as
studying the challenges of transportation aspects focusing on the
best transportation route in different countries. Besides, the feasi-
bility and cost-benefit analysis of setting up local modules’ man-
ufacturing facility in connection with its impact on MiC
implementation in service-based economies can also be an intri-
guing topic. Also, the proposed AHP model, albeit verified, will
be applied to more MiC case studies to improve its accuracy.
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