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One major change in the modern construction industry worldwide in recent
years is moving toward prefabricated buildings (offsite construction) to achieve
sustainable development. Despite an increase in attention to ESG due to global
stock markets’ requirements and prefabricated buildings aid industries in
achieving the ESG goal, few or even no research investigated the ESG
attributes of the prefabricated buildings. Additionally, ESG subitems in
different industries receive varying attention. Developed countries are
primarily subject to ESG rules, but ESG laws in developing countries are at
their infant stages. No study examined the effects of economic progress on
prefabricated buildings’ ESG attributes. The research gaps are filled by
visualising and clustering the WoS and Scopus articles’ keywords, themes,
and authors’ locations. This article also studied the evolution of this field.
Based on the science map modularity cluster analysis, cost control is the
most concerned issue in developed and developing countries. There are far
more articles related to sustainability and environmental aspects of
prefabricated buildings. Although the governance aspects of prefabricated
buildings have not been thoroughly studied, inadequate governance
increases bond yields. Therefore, future research on prefabricated buildings
may expand to governance aspect to benefit industry and academia.
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1 Introduction

The rapid development of urbanisation in developing countries,
policy guidance, digital technology, and building information model
(BIM) technology has fastened the development of prefabricated
buildings in recent years (Abanda et al, 2017). Building
construction has increased to almost 4 billion square meters
annually since 2013, and it is anticipated that this rapid growth
will continue for decades, with 33 billion more square meters added
by 2040 and another 17 billion by 2060 (Abergel et al., 2017). The
traditional methods of building design and construction are
changed to prefabricated, which mainly depends on in-plant
manufacturing and site assembly of building components
(Chang et al,, 2018). Due to its standardised architectural design,
high-quality building part production, quick onsite building
assembly, easy disassembly, and appropriate building reuse, the
prefabricated building holds promise for the sustainable
transformation of the construction sector (Chang et al., 2018).

Besides, the construction industry is always perceived as a
traditional labour-intensive

industry with high energy

consumption, low efficiency, low digitalisation and
industrialisation (Barbosa et al., 2017). Countries like the
United States (Razkenari et al, 2020), Europe (Pan and
Sidwell, 2011), and China have labour force shortages.
Prefabricated or offsite buildings, semi-finished components

made by offsite construction and combined onsite to form

complete buildings (Jiang et al, 2019), can solve the
abovementioned problems by reducing the use of materials,
energy, and construction time (Razkenari et al, 2020),

improving the construction environment and quality (Hanafi
et al,, 2018), and minimising the negative impact of traditional
construction activities on the environment and society (Li et al.,
2014). As the prefabricated building is part of the supply chain in
buildings and infrastructures’ production, its performance also
Indeed,
important

affects a company’s governance. developing

has
construction industry companies’ environmental, social and

prefabricated  buildings implications ~ for
governance (ESG) performance.

Because of the high environmental and social awareness
(especially in  developed countries), customers expect
businesses, including construction firms, to invest time and
resources in sustainable practices. A focus on the impact of
ESG disclosures on corporate financial performance has
caused an overall increase in ESG disclosures and reporting
globally. Disclosure of non-financial information is now
required in many European nations. Other nations were
inspired to adopt obligatory ESG disclosure policies for
sustainable development by this change from voluntary to
required disclosure. Disclosing non-financial information has
become more popular worldwide in all industries for several
reasons, including raising awareness, educating consumers,
risks and

mitigating related to corporate performance,

achieving sustainability (Singhania and Saini, 2021).
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While there is an increase in attention to ESG due to listed
companies’ requirements in many stock markets Worldwide,
prefabricated buildings help industries achieve ESG, few studies
or even no research investigated the ESG attributes of the
prefabricated buildings per previous research. Furthermore,
different levels of economic development pay extra attention
to various ESG subitems in various industries; therefore,
environmental performance, social performance, and financial
performance are different (Wang et al., 2016). It is expected that
the coverage of ESG and prefabricated building in different levels
of economic development research may be higher in developed
countries due to more financial resources for research and ESG
regulations mainly covered by developed countries (Singhania
and Saini, 2021). Nevertheless, no research investigates the
impact of economic development on ESG coverage in
prefabricated building research.

Bibliometric analysis is a widely used and rigorous technique
for investigating and analysing many pieces of literature
published worldwide. As quantitative research of bibliographic
material (Merig6 and Yang, 2017), bibliometric analysis enables
the exploration of the subtleties of a particular field’s
evolutionary history while illuminating its emerging areas
(Donthu et al,, 2021). In bibliometric analysis, a knowledge
map is a graph showing the many entities and concepts in the
real world and their connections. This study utilised CiteSpace
per previous research (Wang and Lu, 2020) to systematically
explore the ESG attributes in the prefabricated building industry.
It visualised the knowledge map of prefabricated buildings for
ESG-relevant academic research with the aims to:

(1) Compare the research productivity of prefabricated
buildings in developed and developing countries.

(2) Review the existing research in prefabricated buildings that
threw light on the environment, social and governance

(ESG), and suggest future academic research direction.

This research found that developed countries have far
more prefabricated buildings research (except China),
echoing the results of (Singhania and Saini, 2021). The
findings of the environmental aspect of the prefabricated
building are more than the social and governance aspect. In
the following sections, Section 2 lists the literature review,
Section 3 is the research method, Section 4 sheds light on the
research results, Section 5 is the discussion, and Section 6

concludes the article.

2 Literature review

2.1 Prefabricated building

Jaillon and Poon (2009) defined prefabrication as a building
that could be delivered in pieces and assembled or that needed to

frontiersin.org
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TABLE 1 Research that reviewed prefabricated buildings (note: ESG were not included in all these studies).

Reviews

Li et al. (2014)

Liu et al. (2021)

Yu et al. (2021)
Hosseini et al. (2018)
Jin et al. (2018)
Wang et al. (2021a)
Zhang et al. (2021)

be built entirely in a factory. Li et al. (2014) stated that
prefabricated buildings refer to “various materials joined
together to form a component of the final installation
procedure®. Navaratnam et al. (2019) emphasised modular
volumetric units. Taylor (2010) listed most of the definitions
for offsite construction before 2009. The most commonly cited
definition is by Goodier and Gibb (2007), which described the
process of manufacturing and preassembly of a certain
number of building components, modules, and elements
before their shipment and installation on construction sites.
Hosseini et al. (2018) traced the early development process of
“offsite construction” and did not distinguish between the two
concepts in critical literature reviews. This study analysed
offsite by
throwing light on ESG. While these two concepts sound

prefabricated  buildings (or construction)
different, we critically comment on the related review
studies in prefabricated buildings or offsite construction in
Table 1.

From Table 1, previous relevant critical comments focus on
prefabricated building, rarely on its relationship to ESG,

providing a new research gap.

2.2 Environmental, social, and governance
and sustainable development of
construction management

The sustainable business emphasises global and local

environmental, community, societal, and economic

responsibilities at the industry and corporate levels. The
idea has been highlighted as a new way for a successful
business. Approximately 2/3 of institutional investors
anticipate that environmental, social, and governance (ESG)

issues will become the industry standard (Managers, 2019).

ESG refers to the “configuration of principles of
environmental, social, and governance responsibility;
processes of environmental, social, and governance

responsiveness, and politics, programs, and observable
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Research focuses that were different from this study

Review to obtain the five sub-research categories

List the research, with more emphasis on engineering

Technical overview of thermal and environmental Performance in China

Scientometric evaluation is based on a meta-perspective.

Review for identifying the latest research topics, performance of offsite construction projects
China’s prefabricated building policies review

Building information model for prefabricated construction

outcomes as they relate to the firm’s society relationships”
(Velte, 2019).

Environmental governance is creating and implementing
policies and procedures to protect the environment from
damages caused by enterprises’ activities and ongoing
environmental performance monitoring. It is composed of a
solution to carbon emission, resource depletion, climate
change and ecosystem pollution (Patil et al., 2021). Businesses
that use ESG put more emphasis on growing their marketing and
profitability while giving the public’s environmental concerns
and the reduction of environmental consequences equal weight.

Social governance refers to the regulations and rules that
business organisations adopt to improve relations with the
stakeholders while ensuring the companies’ prosperity, rights,
wellbeing, employee and animal welfare, good community
relation and protection of the interests of shareholders (Patil
et al, 2021). How businesses are governed may be affected by
institutional (business in society) and organisational (individual
firm-level activities) nexus. Corporate governance could be

described as “the creation of institutions that promote trust

among stakeholders (including employees, consumers,
suppliers, and communities).

All management and the board issue relevant to
management, including agenda issues, board meetings,

attendance, board diversity, and corruption, are all included in
the governance factor (Sharma et al., 2020). Governance at the
organisational level addresses the principal-agent problem that
results from the separation of management and capital.
Governance effectiveness aids in lowering sovereign bond
yield spreads; nations that are more corrupt must pay higher
yields when issuing bonds (Crifo et al., 2017).

Construction companies’ environmental, social, and
governance (ESG) elements are frequently assessed by
aggregating  project  sustainability = performance.  The

construction industry has been developing a future strategy
for improving their ESG scores, emphasising ESG integration,
despite controversies on ESG factors’ practical impact on the
organisation’s performance or profits (Siew, 2017). However,
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stakeholders’ needs for information on ESG management are not
satisfied in the construction industry (Hadro et al, 2022).
Evidence from Italy shows that the construction industry
scored the highest ESG when it disaggregates the accrual and
real earnings management proxies (Gavana et al, 2022). In
construction management and operations, construction
companies should emphasise collaborative ESG activities to
gain favourable public business reputations, for example,
lowering CO2 emissions and construction waste and
improving safety and health (Butkovi¢ et al., 2021). While
there are quite a number of research on ESG, there is still a
research gap that review the prior research about prefabricated

building’s contribution on ESG.

2.3 Developed countries and developing
countries

United Nations’s Human

Development Index (HDI) to measure human development in

Economists usually adopt
a country. Any score of 0.80 or higher is classified as a developed
country, and any lower is developing (Center, 2021). Developed
countries are countries that are developed in terms of economy
and industrialisation. Developed countries have better housing
and living conditions and industrial, infrastructural, and
technological advancements. One finance research found that
existing empirical articles mainly focus on environmental factors
when examining industrialised countries and on social or
governance aspects only when analysing underdeveloped or
rising nations (Crifo et al., 2017). It is sensible to speculate
that there are different levels of studies on ESG attributes in
the offsite
construction and most only study one aspect of ESG only. If

development of prefabricated buildings or
most research comes from the developed countries, we speculate
that most research focuses on environmental aspect only, similar

to the abovementioned finance research.

3 Research methods

A systematic literature review provides an in-depth
understanding of a research domain. The literature review
process is listed in Figure 1. We adopted the bibliometric
science map modularity cluster analysis approach for this
adopted
construction safety research (Zeng and Li, 2022) and
tourism (Zeng et al., 2022). Pritchard (1969) pioneered the
concept of bibliometrics. Historically, bibliometric research

research. Similar approach was to study

has mainly focused on intelligence, archives, and other fields.
Big data bibliometric tools have become popular in various
disciplines recently, assisting researchers in tracking and
analysing research foci and development over time (Chen,
2014; Jie, 2016). CiteSpace knowledge visualisation software
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has become one of the most popular knowledge map-drawing
tools. Chen (2006) explained its basic principles: “a picture is
worth thousands of words, clear at a glance.” It is considered a
knowledge-map tool with a high level of information
visualisation (Chen and Chen, 2003).

CiteSpace extracted titles, keywords, abstracts, and references
of the articles and performed statistical and cluster analysis of all
the information. We excluded the review article to avoid having a
review label appear in the cluster analysis, which often overrides
the display of other research information. It is an excellent tool
for reviewing research in specific fields. While the Web of Science
(WoS) covers the most important and influential academic
research results worldwide (Hosseini et al, 2018), Scopus is
the world’s largest abstract and indexing academic database.
Scopus and WoS are two central databases covering the best
journals worldwide and complement each other as neither
resource is all-inclusive (Burnham, 2006). Merging the two
databases and removing the duplicates allowed us to include
the best articles related to prefabricated buildings and offsite
construction.

For papers published in the WoS and Scopus, we searched for
subjects such as “offsite construction,” “offsite construction,”
“prefabricated  buildings,”  “prefabricated  building,”  and
“prefabrication building, “modular building” and “building
industrialisation.” All search terms are in double quotation
marks. In the WoS core collection, we checked the boxes for
articles, proceeding papers, and early access and obtained
275 terms. We checked the boxes for articles and conference
papers in Scopus and got 794 items. We obtained 1069 records
from the two databases. We cleaned the data and removed
duplicates by using CiteSpace. We obtained 954 unique records
and observed a significant increase in articles from 2000 onwards.
From 2000 to 2020 (the search date is 28 October 2020), there were
855 prefabricated building articles, all shown in Table 2. As in most
fields, the number of studies has increased yearly since 2015,
647 from 2015 to 2020. (CiteSpace identifies all data.)

In the result maps, we obtained two parameters,
modularity and silhouette, according to Chen (2014) and Li
and Chen (2016): The Modularity (Q) value is an evaluation
index of network modularity. The higher the value, the better
the clustering effect. The value range of Q is (0, 1); Q >
0.3 means that the structure of the network community is
significant (Li and Chen, 2016). Silhouette (S) is a parameter
used to assess clustering homogeneity; the closer the value is to
1, the higher the homogeneity; S > 0.7 has high reliability, and
S > 0.5 can be considered good clustering (Li and Chen, 2016).
In addition, the betweenness of centrality or centrality is an
essential parameter. The node is crucial if the centrality value
is more significant than 0.1. The higher the centrality value,
the greater the node circle, and the article is critical in this
field. On the science map, nodes represent keywords, articles,
categories, countries, journals, authors, or other information.
The larger the circle is, the more influential the node is. The
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FIGURE 1
Description of the four-step process.

TABLE 2 Data sample source.

Items Details
Database Scopus, web of science core collection
Search type Subject (including topic, abstract, keywords)

Search subject
building industrialisation

Category
Search quantity

offsite construction, prefabricated buildings, prefabricated buildings, offsite construction, prefabrication building, modular,

article, proceedings paper, or conference paper

Scopus records:794 (articles: 444, conference papers: 354)

WoS records: 275 (articles: 178, proceedings papers: 99, early access: 4)

Retained quantity Scopus records: 681; WoS records: 273
Duplicated remove 95
Total unique records 954 (1963-2020)

Analysis unique records

line indicates that there is a specific connection between
these nodes.

4 Research results

4.1 Research category, journals and
countries

Regarding the research results of knowledge mapping of
research category analysis, this study found no results per WoS
database for topic words such as “prefabricated building or offsite
construction and ESG” (Figure 2). Most of the results concentrated
and  building
environmental, Environmental sciences & ecology, and science

on  construction technology, engineering,
and technology. Among the three areas of ESG, most focus on
the environmental (E). For example, Green and sustainable science
and technology, environmental sciences, energy and fuels, and
environmental studies. Social (S) includes architecture, and urban

studies, while G (governance) includes management.

Frontiers in Environmental Science

855 (2000-2020) (articles: 760, proceedings paper: 95)

Figure 3 is a knowledge mapping of journals, showing the
prominent journals in this field, excluding the engineering
technology journal. The Journal of Cleaner Production and
Building Environment may be the most concerned the
environmental or social studies, and the Journal of
Construction Engineering and Management is most
concerned with prefabricated buildings. Figure 4 shows that
developed countries and regions, such as the United States,
Australia, the United Kingdom, Canada, and Hong Kong, had
more prefabricated research. China, Brazil, India, and
Malaysia are developing countries with the most
prefabricated research. Details about countries of top

centrality are shown in Table 3.

4.2 Keywords analysis
4.2.1 Keywords knowledge mapping

In Figure 5, the keyword nodes “prefabricated building”
and “offsite construction” display high centrality. Many

frontiersin.org
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TABLE 3 Top centrality for countries of the research.

10.3389/fenvs.2022.977887

Count Centrality Year Countries Developing/Developed countries
251; 145 0.44; 0.05 2002 China; Peoples R China Developing
51; 44 0.42; 0.17 2000 United States; United States Developed
78 0.12 2008 Australia Developed
54 0.09 2008 Canada Developed
21; 57 0.09; 0.08 2003 England; United Kingdom Developed
12 0.07 2004 Spain Developed
6 0.07 2011 Serbia Developed
32 0.06 2002 Italy Developed
15 0.05 2009 South Korea Developed
7 0.05 2002 Russian Federation Developed
6 0.05 2002 Japan Developed
24 0.04 2000 Poland Developed
16 0.03 2002 Singapore Developed
20 0.02 2012 Brazil Developing
11 0.02 2004 Germany Developed
10 0.02 2002 France Developed
8 0.02 2003 India Developing
3 0.02 2016 Taiwan (CN) Developed
24 0.01 2010 Hong Kong (CN) Developed
10 0.01 2006 Sweden Developed
Management
@RCHITECTURE  BUSINESS & ECONOMICS yumaiscipinary soemces
UmBAN ST ¢Engineering, Environmental
Environmental Studies .
GCIENCE & TECHNOLOGY - OTHER TOPICS
Engingsring, industrisi QIVIRONMENTAL SCIENCES & ECOLOGY
CONSTRUCTION & BUILDING.TECHNOLOGY
FNERGY & FUELS gineering, Civil nvironmental Sciences
/ ' Green & Sustainable Science & Technology
areriacs science  (ENGINEERING
/X onstruction & Building Technology
/ ompaterSclonce; Inferdiaciplinary Applications ‘Ia!erials Science, Multidisciplinary
. e OMPUTER SCIENCE Engineering, Multidisciplinary
@nscs o
o
FIGURE 2
Knowledge mapping of research category analysis.

studies on engineering technology, such as “walls,” “timber,” development, “life cycle assessment,” and “building

“brick,” and “thermal insulation” are relevant to management
in the top 100 keywords, as shown in Table 4. Others include
“supply chain,” “residential building,” “housing,” and
“productivity.” We may consider these as the social aspect-
related keywords. The environment aspect-related keywords

include “carbon emission,” “energy conservation,” sustainable
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information model”. There is a lack of governance-related
studies.

4.2.2 Keywords clusters analysis

The keyword cluster mapping analysis is shown in Figure 6.
In this cluster analysis, the modularity (Q) value is 0.677 > 0.3,
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FIGURE 3
Journal analysis.
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FIGURE 4
Study of countries analysis.

and the silhouette (S) value is 0.827 > 0.7. That means the cluster
is significant. According to the results of this significant
clustering, we can screen out the literature and main research
topics that need to be reviewed. The top terms are calculated and
listed in Table 5. The terms “prefabricated building” and “offsite
construction” or similar keywords used for the retrieval were
removed manually.

4.2.3 Evolution of the prefabricated building
studies

This study reviewed articles from 2015 to 2020; the total
number of articles was 647 for 2015-2020, accounting for
75.6% of the total volume of 855 from 2000 to 2020 (Figure 7).
Most shed light on the technology. For management, “life cycle
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assessment” appeared in 2012, and “offsite construction”
focused on the research of “model” and “design”. In 2016,
research on “prefabrication concrete” appeared. The concepts
of “sustainability building industries” and “cost-benefit
analysis” were proposed in several articles, and research on
“developing” and “barriers in China” appeared almost
simultaneously, cited more frequently as the “capital cost”
in 2017. After 2018, research directions became more diverse,
“BIM,”
simulation,”

such as “preformation,” “optimisation,”

» .

“environmental benefit,” “influencing factor,

» o«

and  “implementation.”  However, researchers have

concentrated on other aspects of prefabricated buildings,

» o«

such as “energy consumption,” “carbon emission,” “benefit
evaluation,” “policies,” and “risk assessment” or “risk

management” since 2019.

4.3 Reference analysis

The research source and evolution can be carried out
through the analysis of reference information. The total
number of terms cited by 855 papers is 18972, including
some of their citations. According to the time evolution of
the primary references (Figure 8), we can obtain the citation
relationship and the evolution process of the research in this
field. Pan, Gibb (2012) proposed strategies for building
companies’ management using offsite technology. Mao
et al. (2013) compared greenhouse gas emissions between
offsite
methods in two cases. Zhang et al. (2014) discussed the

prefabrication and conventional construction
challenges faced by industrialised residential buildings in
China.

The top co-cited reference is in Table 6, and we obtained
the top topic in this field. Jaillon and Poon (2014) studied the
life cycle design of prefabricated buildings in Hong Kong.
Tam et al. (2015) studied prefabrication implementation in
(2015) the
and multi-skilled
resource utilisation in offsite construction. For example,
Mao et al. (2016) analysed the cost, and Kamali and

Hewage (2017) studied the performance criteria for the

Hong Kong. Arashpour et al discussed

optimisation of process integration

sustainability evaluation of offsite construction. These are
highly cited papers related to management.

4.4 Extending research

According to the expansion method (Chen et al., 2012),
the first group papers (855) were cited by the second group
papers. Then we analysed the second group of papers to find
the trend of the first group and obtained a new research point.
So, based on the 855 papers (first group), we got the citing
papers in WoS and Scopus. By removing duplicates,

frontiersin.org
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TABLE 4 Top centrality for keywords related to management.

Count Centrality ~ Year Keyword

76 0.05 2012 Sustainable development
25 0.04 2009 Supply chain

14 0.04 2013 Lean production

63 0.03 2009 Project management

26 0.03 2017 Barrier

34 0.02 2017 Life cycle

24 0.02 2014 Sustainability

23 0.02 2015 Building information model (BIM)
18 0.02 2015 Construction cost

16 0.01 2017 Life cycle assessment

3022 records (second group) were obtained. The second group
paper reference analysis is shown in Figure 9. The
modularity (Q) value was 0.8897 > 0.3, and the silhouette
(S) value was 0.96 > 0.7. That means the cluster was extremely
significant.

The nodes were the articles of the first group papers.
According to the cluster analysis results, the label of cluster
#4 in Figure 9 was “developing countries.” That means
developing countries, especially China, published so much

research in the 2010s. Clusters #6 and #13 indicated that
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Keywords cluster mapping analysis.

developed countries’ extending research focused more on
“carbon footprints” and “augmenting output.”

Goodier and Gibb (2007) from the United Kingdom, Pan
et al. (2007) from the United Kingdom, Tam et al. (2007)
from Australia, Jaillon and Poon (2009) from Hong Kong,

Blismas and Wakefield (2009) from Australia, Aye et al.
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TABLE 5 Top term of Keywords cluster analysis.

ID Silhouette Mean (Year) Top term

9 0.980 2019 Safety risk; multi-objective optimisation; considering risk correlation

3 0.708 2016 China; dynamics; building policies; engaging stakeholders; multi-skilled resources; simulation; attitudes; constraints; stakeholder;
overcoming barrier; collaborative management

1 0.726 2016 Supply chain; information flow; materialisation stage; evaluation

8 0.909 2015 Case study; community; factors; china; cost; environmental performance; behaviour analysis; comprehensive benefit

19 0.860 2014 Residential prefabricated buildings; indoor environment; terms; optimisation; residential prefabricated building

5 0.891 2014 Case study; china; estimation; residential project

13 0989 2013 Flexible field factory; construction industry

2 0.694 2013 Comparison; barriers; conventional methods; quality control
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Frontiers in Environmental Science 09

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.977887

Li et al.

10.3389/fenvs.2022.977887

TABLE 6 Top 10 for the papers’ reference co-cited analysis.

Count Centrality Cited references

Topic

Countries

23 0.02 Pan et al. (2012) Strategies for integrating the use of offsite production technologies United Kingdom
21 0.02 Mao et al. (2016) Cost analysis for sustainable offsite construction based on a multiple-case study in China China
13 0.02 Kamali and Hewage Development of performance criteria for sustainability evaluation of modular versus conventional ~ Canada
(2017) construction methods
11 0.02 Arashpour et al. (2015)  Optimisation of process integration and multi-skilled resource utilisation in offsite construction ~ Australia
23 0.01 Hong et al. (2018) Barriers to promoting prefabricated construction in China: A cost-benefit analysis China
18 0.01 Kamali and Hewage Life cycle performance of modular buildings: A critical review United Kingdom
(2016)
17 0.01 Jaillon and Poon (2014)  Life cycle design and prefabrication in buildings: A review and case studies in Hong Kong Hong Kong
16 0.01 Mao et al. (2015) Comparative study of greenhouse gas emissions between offsite prefabrication and conventional ~ China
construction methods: Two case studies of residential projects
14 0.01 Tam et al. (2015) Best practice of prefabrication implementation in the Hong Kong public and private sectors Hong Kong
11 0.01 Gan et al. (2018a) Overcoming barriers to offsite construction through engaging stakeholders: A two-mode social ~ China
network analysis
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FIGURE 9
Co-cited of extending research cluster analysis.
(2012) from Australia, Mao et al. (2013) China, Li et al. That is to say, in developed countries and regions
(2014) China, Jaillon and Poon (2014) from Hong Kong, (Australia, Hong Kong), the research on offsite
Mao et al. (2015) China, Hong et al. (2016) from China, and construction was conducted earlier, while developing
Arashpour et al. (2017) from Australia had high citations, countries (China) are rapidly promoting such buildings as
implying that these studies received increased attention. a form of building in the 2010s.
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5 Discussion

5.1 Environmental, social, and governance
in prefabricated building industry

5.1.1 Environment

There is a high expectation of prefabricated buildings
concerning sustainability. Most articles have mentioned this
keyword, highlighting it in the literature analysis. Gallo et al.
(2021) investigate the evaluation of sustainable parameters in
(2017) compared the

environmental, economic, and social aspects of traditional

Hong Kong. Arashpour et al

site construction and preassembly life cycle sustainability.
Wasim et al. (2020) studied industry management techniques
that promote sustainable development. For “sustainability”,
most studies concern applications of sustainable technology,
so the research on the product management features was not
too much. Pham et al. (2020) also mentioned sustainable
construction development in Vietnam. Wu et al. (2021a)
summarised that the sustainability of prefabricated
buildings or offsite construction must be combined with
economic, social, and

environmental, technological

development.

5.1.2 Social

“Supply chain management” is a top topic of management
research. Xue et al. (2018) revealed the stakeholders’
collaborative management in the supply chain. Luo et al.
(2020) analysed the problems and experiences of
prefabricated building production, transportation, and
supply chain management in Hong Kong. Arashpour et al.
(2017) studied the theorised supply chain configurations in
offsite construction. Liu et al. (2018) studied the
establishment of the maturity model of the industrial
supply chain relationship for prefabricated buildings.
Wang et al. (2020) studied a blockchain-based framework
for improving supply chain traceability and information
sharing for a prefabricated building. Government
guidance plays a significant role in the supply chain
(Steinhardt and Manley, 2016; Jing et al., 2020; Wang
et al., 2021a). The supply chain for prefabricated buildings
is still developing; it is not a mature industrial chain in most
countries, and collaborative stakeholder management goes a
long way.

“Barriers” are the top centrality keyword related to
Prefabricated
buildings are still concentrated in low-rise buildings
(O’Neill and Organ, 2016), and the high cost is an
obstacle to developing prefabricated buildings in the
United Kingdom (Goodier et al., 2005). Mao et al. (2015)
revealed that “government regulations and policies,”

management, a critical study topic.
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“technological innovation,” “industry supply chain,”
“cost,” and “market demand” are the main obstacles to
the development of prefabricated buildings in China. They
continue to find the driving path of development in China
(Mao et al,, 2018). Yuan et al. (2020) studied the design
process’s obstacles to solving technical, economic, and
management barriers. Liu et al. (2018) studied Chinese
policies, knowledge, and standardisation barriers in China.
Developers are not actively promoting prefabricated
buildings (Wang et al., 2021b), and stakeholders play
games (Zhang et al., 2020) (Wu et al., 2021b), even in the
USA, where they also face those barriers (Razkenari et al,
2020). At present, the development of prefabricated
buildings in developing countries still mainly relies on the
government’s strong push and needs the cooperation of
stakeholders. Researchers in developing and developed
countries still study how to overcome those barriers.

“Safety risk” is one main topic in 2019. In this cluster,
Darko et al. (2020) found that technology application is the
most critical factor in reducing construction risk in
prefabricated buildings. Chang et al. (2020) studied the
system to avoid the safety risks of prefabricated
construction. Ahn et al. (2020) explained why offsite
construction can help reduce safety risks on construction
sites. Many researchers, as well as industry practitioners,
believed that offsite construction methods are associated
with a lower level of worker safety risks than traditional
onsite construction methods. Zhao et al. (2020) analysed
projects’ impacts on environmental protection in China. He
suggested that the degree to which benefits of offsite
construction help reduce safety risks at construction sites
needs future study in all countries.

5.1.3 Governance

Among the three elements in ESG, there is a lack of
governance study linked to prefabricated buildings. Given
the scale and complexity of contracts, competitive bidding
procedures, the need to interact with both public and private
players, and the need to prevent bribery, corruption, and
anti-competitive behaviour, governance has long been a hot
topic in the sector (Roberts, 2021). Nevertheless, it is pretty
surprising that governance almost disappeared in literature.
Prefabricated construction governance issues have not yet
been properly investigated, yet bad governance in all
businesses may raise bond vyields. Future studies on
prefabricated buildings may be applied to other academic
fields, leading to real-world implications.

According to the keyword knowledge maps, cluster analysis
maps, and timeline analysis maps, we obtained the primary top
keywords and studied issues for prefabricated buildings, or offsite
construction of their product management attributes to get the
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TABLE 7 The primary study of related topics in recent years.

Keywords Count D/L Main literature
Sustainable/ 123 41/ Kamali and Hewage (2017) Canada; Hu, Chong et al. (2019) Australia; Wu, Luo et al. (2021a) China; Wasim, Han et al. (2020)
Sustainability 36 Australia; Pham, Kim et al. (2020) Vietnam; Gallo, Romano et al. (2021) Italy
Supply chain 72 21/ Luo, Shen et al. (2019) HK; Luo, Jin et al. (2020) HK; Arashpour, Bai et al. (2017) Australia; Liu, Su et al. (2018) China; Kim,
31 Han et al. (2016) Canada; Masood, Lim et al. (2021) New Zealand; Lin, Lyu et al. (2021) Australia; Zhai, Fu et al. (2019) HK;
Jing, Zhang et al. (2020) China
Barriers 93 30/ O'Neill and Organ (2016) United Kingdom; Mao, Liu et al. (2018) China; Gan, Chang et al. (2018b) China; Gan, Chang et al.
42 (2018a) China; Tan, Chen et al. (2019) China; Zhang, Pu et al. (2020) China; Zhang, Lee et al. (2018) HK; Razkenari, Fenner
etal. (2020) United States; Luo, Xue et al. (2021) China; Wu, Qian et al. (2021b) China; Wang, Wang et al. (2021b) China; Sun,
Wang et al. (2020) China
Life cycle assessment 84 19/ Hao, Cheng et al. (2020) China; Bortolini, Formoso et al. (2019) Brazil; Minunno, O‘Grady et al. (2018) Australia; Tumminia,
21 Guarino et al. (2018) Italy
BIM 114 37/ Tan, Chen et al. (2019) China; Abanda, Tah et al. (2017) United Kingdom
39
Cost 254 51/ Hong, Shen et al. (2018) China; Xue, Zhang et al. (2017) China; Li, Shen et al. (2014) China; Nahmens and Bindroo (2011)
69 United States; Said and Bartusiak (2018) United States; Bortolini, Formoso et al. (2019) Brazil; Hao, Cheng et al. (2020) China;
Tavares, Gregory et al. (2021) EU; Wu, Qian et al. (2021b) China; Lou and Guo (2020) China
Safety risk 28 8/9 Darko et al. (2020) HK; Chang et al. (2020) China; Ahn et al. (2020) Australia; Zhao et al. (2020) China; Yuan et al. (2021)

China

Note: D is the article count of developed countries; L is the article count of developing countries.

primary information about ESG. In Table 7, we summed up the
total research in the core collection of WoS (all search terms are
in double quotation marks, 2016.1.1-2021.12.31); the count
referred to the article numbers; the country attributes of the
paper were calculated according to WoS automatic classification,
and the relevant country numbers were obtained. Some articles
belong to more than one country, so the sum of developed and
developing countries is greater than the count.

According to Table 7, we can see that in recent years,
developed countries have been a bit more concerned about
countries, and both
that
developed countries attach greater importance to the

sustainability than developing

conducted more cost-benefit analyses showed
environmental and social benefits of ESG more than
developing countries. Developing countries studied more
about the barriers and supply chain than developed ones,
which means more concern about governance. Most studied
BIM technology did not focus on safety risks. We list the
primary and latest research literature about management

and discuss the details in Table 8.

5.2 Prefabricated buildings, building
information model and costs saving

Though “BIM” is still in its infancy, it can combine building
information model (BIM) with safety risk data to automatically
evaluate construction safety concerns and aid architects in
making speedy design decisions (Luo et al, 2022). BIM

the
some

supports development

degree, the

technology of prefabricated

buildings, and to development of
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prefabricated buildings is inseparable from BIM technical
assistance (Yin et al,, 2019; Akbarieh et al., 2020). BIM is
currently critical in driving other innovative techniques and is
being pushed by the government to improve building
industrialisation (Abanda et al., 2017). However, whether BIM
technology is the main factor restricting the development of
prefabricated buildings still needs further research, and the
quantitative benefits of BIM for prefabricated buildings need
to be further studied. In “life cycle assessment” research, Bortolini
et al. (2019) considered that building information model (BIM)
could solve the complex problem of scheduling and reduce costs.
BIM and digital technology are the ultimate solutions to the
development of the construction industry (Akbarieh et al., 2020).
Hammad et al. (2019) demonstrated prefabricated buildings’
improved social, environmental, and economic benefits. Hao
et al. (2020) studied the life cycle carbon emissions of
prefabricated buildings with BIM. Therefore, BIM technology
has always been associated with the life cycle assessment of
prefabricated buildings and is an essential factor in the
promotion of the development of prefabricated buildings. Yet,
one of the previous research suggested that BIM is not
economically feasible for usage in China’s prefabricated
buildings (Xu et al, 2019). A summary of the top research is
shown in Table 8.

“Construction cost” is the top centrality keyword related to
management. It is about governance. Based on the construction
industry conditions in Japan and the United Kingdom,
(2003) that
information technology significantly reduces construction

Barlow et al. concluded

costs. Li et al. (2014) revealed strengthening construction
management and problem-solving efficiency. Hong et al.
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TABLE 8 Existing research and need for future research.

Topic Existing research
ESG Environment and social aspect of prefrabricated buildings
Sustainable/ 1. Environment, economy, and society of prefabricated buildings;

Sustainability 2. Technological development

Supply chain 1. Model of the industrial supply chain
2. Not mature industrial chain in most countries;

3. Stakeholder relationship

Barriers Technical, economic, and management

BIM BIM technology supports the development of prefabricated
buildings

Cost The cost of prefabricated buildings is not lower than the traditional

buildings
Safety risk

(2018) considered the benefits of prefabricated buildings,
established a cost analysis framework, analysed the actual
cases, and put forward countermeasures. Nahmens and
Bindroo (2011) concluded that the existing system in the
United States had not formed a large-scale business. Said and
Bartusiak (2018) concluded that local businesses have certain
advantages in the regional competition for industrialised
housing in the United States. Currently, the costs of
prefabricated buildings are not lower than those of
traditional buildings, which have limited their large-scale
business in both developed and developing countries.
Whether the carbon emission of prefabricated buildings
(concrete) is better than that of traditional buildings still
needs to control the transportation distance parameter (Hao
et al., 2020, Almashagbeh and El-Rayes, 2021). Moreover,
cost control remains a research focus, and how to reduce the
cost still needs more research under different countries’
situations.

6 Conclusion

ESG report has become one major requirement for many
listed companies. Whether these companies comply with these
requirements might affect the stock prices. While many listed
construction companies operated their plants and made their
prefabricated units and bibliometrics have been done in many
research areas, bibliometrics study on prefabricated buildings’
attributes of ESG is rare, not to mention systematic review on this
area. This study fills the academic void and figures out
prefabricated buildings and offsite research knowledge map
and proposes further research about prefabricated buildings
that achieve the goal of ESG. Besides, while developed
countries are more concerned with the environmental aspect
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Problems need to further research

Governance of prefrabricated buildings

The sub research topics in environment, economy, and society

1. Stakeholders’ collaboration

1. Qualitative or quantitative analysis of all barriers
2. How to overcome those barriers in all countries

Quantitative benefits of BIM
How to reduce the cost under different countries’ situations

The degree or quantitative benefits offsite construction help to reduce safety
risks on sites

than developing countries, there were substantially less research
on the governance aspect. The results might have managerial
implications that we may research on the means to motivate the
prefabricated industry to work more on the governance aspect
of ESG.

Prefabricated building is not mature in the construction
supply chain in most countries, especially developing
countries and is dependent on government policies and
collaborative stakeholder management. As most of these
developing countries have immature legal and management
systems, more studies about governance in prefabricated
buildings are needed. A similar rationale is needed for the
safety aspects While

economic, and management barriers might be related to ESG,

of prefabricated units. technical,
a lack of comprehensive study implies that there is room for
improvement. Developing a future strategy for ESG rating
improvements and integrating ESG in prefabricated buildings
may be one of the future directions that academia has not yet
studied, but worth to do so in the future to enhance industry
awareness in this area where the financial sector has already taken
action long ago.

This research also has practical implications. Given the
current listed companies’ requirements in ESG reporting in
the financial sector, this study suggests the construction
industries to enhance governance aspects that could benefit
industry practitioners who might list their companies in the
stock market. A similar idea holds for academia. The current
review is limited to the selected literature sample published in
WoS and Scopus, and only English journal articles were
included. It might have excluded some of the latest studies
published in other languages. As one of our research indicated
that local language research might allow us to see other angles
in housing price research (Li et al., Forthcoming 2022), similar
research might be conducted to study prefabricated buildings.
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Detailed focus groups and surveys may be taken to see the
on ESG
buildings in the future. So that we may also know more

professionals’ perspectives and prefabricated
about practitioners’ extrinsic and intrinsic motivations in

ESG and prefabricated buildings knowledge sharing (Li and
Poon, 2011).
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