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ABSTRACT

Different industries are modernising their systems and introducing innovations to their
management practices. However, the construction industry is recognised for its lack of
technological systems on which the success of this sector is deemed to be heavily
dependent. Previous studies have focused on enhancing the off-site construction
supply chain. However, studies on the importance and utilisation of technology in this
sub-sector are scarce, predominantly where the efficiency of off-site supply chain
management is stalled as a consequence of the slow implementation of technology.
Thus, this article employs an exploratory approach by providing insight into the
applicability of blockchain technology in New Zealand’s off-site construction and
demonstrates the benefits associated with the adoption of this technology. A literature
review was used to identify stakeholders’ interrelationships in different stages of
prefabrication projects. Then, a pilot interview from industry experts followed by
a questionnaire survey was used to determine the involvement of stakeholders in
different phases and the benefits that blockchain technology can bring to this industry.
The results indicate that using blockchain as a secure information management system
could improve the integration of prefabrication supply systems by producing
a collaborative atmosphere amongst the organisations involved.
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The construction industry in New Zealand is
overtaking other industries and has become one of
the major contributors to the national GDP (Huang
& Wilson, 2020). Supply chain management in this

industry is considered a significant pivotal point of
success for organisations performing roles in the
highly competitive construction market (Samarasin-
ghe, Tookey & Rotimi, 2013). However, fragmenta-
tion is an inherent attribute adhered to the
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construction sector, and it can deteriorate in off-site
(prefabrication) construction where the concentra-
tion of work is scattered across “off” and “on” con-
struction sites (Zhai, Zhong, Li & Huang, 2016). In
New Zealand, prefabrication demands specific con-
sideration around the barriers to its efficiency; supply
chain integration is perceived as one of the main core
subjects requiring enhancement (Darlow, Rotimi
& Shahzad, 2021). Studies have shown that informa-
tion exchanged across the entire supply system in
a prefabricated project can substantially impact the
outcome of the supply chain (Briscoe, Dainty & Mil-
lett, 2001). Numerous documents: design/construc-
tion drawings, RFIs, quality assurance documents,
and statutory approvals are regarded as the types of
information being exchanged daily within the supply
system of prefabrication projects and managing the
integration of this information results in a positive
future collaboration amongst the supply chain part-
ners (Bakhtiarizadeh, Shahzad & Rotimi, 2019).

Prefabrication is acknowledged as a solution to
deficiencies in traditional construction methods.
Reduced time and costs, enhanced quality of finished
products, and increased sustainability factors are
some examples of benefits associated with prefabrica-
tion (Shahzad, Mbachu, & Domingo, 2015). However,
several impediments to the uptake of prefabrication
disturb efficiency in its supply chain systems. Little
transparency around the distribution of works at dif-
ferent sites, lack of the adoption of new advanced
technologies, and ineffective information sharing
systems are considered some of them (Jaillon & Poon,
2010). The root cause of the mentioned issues can be
linked to inappropriate information integration tech-
niques.

Integrated information ensures an integrated
supply chain, and an integrated supply chain ensures
the swift processes of preparation, design, manufac-
ture, construction, and assembly (Cus-Babi¢ et al.,
2014). It also provides trust amongst various stake-
holders involved in a prefabricated construction pro-
ject (Bankvall et al., 2010). Hence, using an effective
information integration platform, such as blockchain,
leads to improved trust and integration amongst
participants involved in the supply chain of prefabri-
cation projects (Casino, Dasaklis & Patsakis, 2018).
The predominant benefit of blockchain technology
compared to other technologies is the decentralisa-
tion and anonymity of the data stored in it (Li,
Greemwood & Kassem, 2019). Contrary to other
recent technologies, blockchain helps information to
be processed and saved on multiple remote comput-

ers, providing organisations with an opportunity to
store their information systematically in different
locations (Li, Greemwood & Kassem, 2018; Hofbauer
& Sangl, 2019; Florek-Paszkowska et al., 2021; Barc-
zak et al., 2021).

This technology offers integration in the prefab-
rication and provides a secure decentralised database,
helping prefabrication supply chain organisations to
exchange and store their information effectively
(Wang et al., 2017). Therefore, blockchain provides
a transparent and secure information-sharing plat-
form for the prefabrication supply chain (PrefabNZ,
2018).

Different studies have shown various process
maps of the prefabrication supply chain. For instance,
a study by Bakhtiarizadeh, Shahzad, and Rotimi
(2019) explored prefabrication project phases and
stakeholders involved in the supply chain. Also, other
studies have demonstrated the value of information
sharing across supply chain allies in the construction
and design of projects (Samarasinghe et al., 2013;
Cus-Babi¢ et al., 2014). However, little research has
been conducted on New Zealands prefabricated
construction, and there is inadequate knowledge of
the advantages of blockchain technology in this
industry.

This study undertook a pilot interview with six
prefabricated construction professionals to ascertain
the interaction of stakeholders in different phases of
prefabrication projects. Also, a questionnaire survey
was used to identify the core impediment to the
integration of prefabrication and to ascertain the
applicability of blockchain technology with its related
potential advantages. The following section of this
article presents a review of previous studies. The sec-
ond section discusses the research methodology and
data collection and analysis tools. The third part
describes the analysis and discussion around the
results. The article is concluded with remarks.

1. LITERATURE REVIEW

Prefabrication is considered an innovative
method of construction that facilitates the construc-
tion of a portion of a building remotely or far from
the final location (Shahzad, 2016). The major benefit
of prefabrication over the traditional construction
methods is the low level of inefliciencies in the pro-
ductivity measures like time, cost, and quality (Dar-
low et al., 2021). In New Zealand, prefabrication is

increasingly contributing to the delivery of construc-
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tion projects (Darlow et al., 2021; PrefabNZ, 2018).
The rising demand for new-built houses and the
shortage of affordable dwellings is growing the need
for a more effective and innovative project delivery
system (Shahzad & Mbachu, 2013).

Despite the benefits of prefabrication, the indus-
try struggles with several issues, such as a low level of
integration and coordination amongst its supply
chain organisations (PrefabNZ, 2015). Integration in
supply systems refers to the consistency of delivery
systems and uniformity of information sharing
amongst stakeholders (Dainty, Millett & Briscoe,
2001). The complexity of integration in supply chains
depends on the project size. Typically, the number of
actors exchanging information in large projects can
exceed hundreds, giving rise to the need to adopt
innovative technologies in the supply chain integra-
tion techniques (Briscoe, Dainty & Millett, 2001).

Adopting technology in the construction supply
chain has become critical for enhancing supply chain
integration (Wang et al., 2020). Some examples of
technological systems being used in supply chains are
Enterprise Resource Planning (ERP), Electronic Data
Interchange (EDI), Customer Relationship Manage-
ment (CRM), Drones, Internet of Things (IoT), RFID,
and GPS receivers (Wang et al., 2017). These systems
have helped the uniformity and integration of infor-
mation and, consequently, the integration of supply
chains. Using these technologies, supply chain part-
ners can exchange real-time information efficiently
and effectively. Also, with the help of these technolo-
gies, unsafe human interference in information
repositories can be minimised (Ngai, Cheng & Ho,
2004).

Information integration is considered collabora-
tive, uniform, and controlled information sharing,
and lack of information sharing results in decreased
traceability, transparency, and trust (Prajogo
& Olhager, 2012; Mentzer et al., 2001). Integration
and efficient exchange of information in supply sys-
tems require coordination and trust (Cai, Jun & Yang,
2010). The low level of trust results in a low level of
collaboration and reluctance to adopt technologies
(Shahzad, 2016). Therefore, providing a secure tech-
nological source/storage for storing organisational
information can lead to a more collaborative and
efficient supply system with a higher level of trust
(Korpela, Hallikas & Dahlberg, 2017).

One advanced technological system recently
introduced globally is Distributed Ledger Technology
(DLT) or blockchain technology. Blockchain is
a secure consensus-based ledger that simplifies con-

nections amongst its operators (Penzes, 2018). Block-
chain was originally developed for crypto-currency
transactions and designed based on a network of
public and private decentralised nodes (Saberi et al.,
2018). This technology enables immutable peer-to-
peer (P2P) communication through a secure transac-
tion database (Turk & Kling, 2017).

New Zealand is showing resilience in adopting
innovations and technologies (PrefabNZ, 2013), and
blockchain can positively impact the enhancement of
supply chains, especially in the prefabrication indus-
try. Blockchain’s traceability function is important for
supply chain partners since prefabricated construc-
tion struggles with multiple stakeholders and suppli-
ers from local or international companies (Bell,
2009). This function also helps clients/customers
with the ability to track the provenance of the materi-
als used in their final products, improving their trust
and perspective on the genuineness of resources
(Casino et al., 2018).

Similarly, blockchain technology helps facilitate
interactions and information exchange amongst sup-
ply chain organisations in an organised manner
(Prajogo & Olhager, 2012). This, in turn, results in the
transparency of information and improved account-
ability of each partner regarding their contribution to
the project delivery in New Zealand (Chowdhury et
al., 2018). Providing transparency in the stakehold-
ers’ interactions can reduce the quality problems and
improve organisational trust and confidence (Yang et
al., 2020).

Moreover, as opposed to other pre-mentioned
technological systems, blockchain provides more
data/information security to its users, helping supply
chain organisations benefit from a safe information
repository that its stored information can be with-
drawn and used for future projects (Li et al., 2019).
Security in the information exchange is understood
as legitimate or trusted information transmission
across the communicators and safekeeping the data-
generating processes (Tse et al., 2017). Security and
trust are interlinked in the prefabrication supply
chain. As prefabrication processes encompass a vari-
ety of information and sources, information security
guarantees trustworthy digital commination and
reliability of shared information (Lemieux, 2016).

In summary, blockchain can be the potential
remedy for the shortcomings in the prefabrication
supply chain integration in New Zealand. This tech-
nology can be used for information integration and,
consequently, supply chain integration (Wang et al.,
2020). Blockchain has the potential to resolve the
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problems stemming from the traceability of the origin
of the products, transparency of exchanged informa-
tion and security of systems used for prefabrication
stakeholders’ information sharing.

Previous studies have investigated the integration
of prefabrication supply chain stakeholders and the
potential benefits of using information technology.
However, few studies have been conducted in New
Zealand, and there is little knowledge about the appli-
cability and benefits of using blockchain technology
in the prefabrication supply chain. This study
addresses the investigation gap in this area and pro-
vides insights into utilising blockchain technology in
the prefabrication industry of New Zealand.

2. RESEARCH METHODOLOGY

This study adopts mixed research to data collec-
tion and analysis as a complementary approach
(Johnson, Onwuegbuzie & Turner, 2007). A literature
review was carried out to identify and categorise
stakeholders’ interconnectivity in different stages of
prefabrication projects. Then, a pilot study was con-
ducted to ascertain the validity of identified stake-
holders and the complexity of their relationships in
certain project phases in New Zealand. Then, a ques-
tionnaire survey was developed. Firstly, it aimed to
measure the significance of information integration
amongst different organisations. Secondly, it sought
to find the attributes of information essential for the
success of the prefabrication supply chain, and finally,
to ascertain the advantages of using blockchain tech-
nology in this industry.

2.1. IDENTIFICATION OF STAKEHOLDERS AND
PHASES OF PREFABRICATION

In order to identify the project development
phases and stakeholders involved in prefabrication
projects in New Zealand, two methods were used:
literature review and interview. A total of 12 different
phases of projects and a list of nine groups of stake-
holders were primarily identified through a literature
review. To ascertain the reliability and validity of the
identified phases and stakeholders, a pilot study was
undertaken. A participation invite was sent to 12
prefabrication construction experts, and six of them
showed their inclination to participate. All experts
had more than ten years of experience in New Zea-
land’s construction industry. A process map of the 12
project phases and nine stakeholders was shown to

them in separate interviews, and they were asked to
check the correctness of the identified phases and
stakeholders concerning their interrelationships in
New Zealand.

2.2. DATA COLLECTION

A questionnaire survey was developed for
exploring the significance of information integration
and the attributes of information contributing to the
growth and success of the prefabrication construction
supply chain (CSC) in New Zealand. Numerous cur-
rent studies have employed the questionnaire survey
as an efficient tool for collecting stakeholders’ view-
points and opinions pertinent to the CSC (Black,
Akintoye & Fitzgerald, 2000). In this study, the ques-
tionnaire contained three relatively similar sections.
A short overview of definitions was provided at the
opening of the questionnaire, followed by a segment
for collecting the basic information of participants.
The respondents were from a broad spectrum of
organisations, including, but not limited to, clients,
contractors, designers, consultants, and suppliers.
They were asked to answer the questions from clients’
or contractors perspectives. In the final section,
respondents were required to answer multiple ques-
tions about utilising technology in their organisa-
tions, the disadvantages of non-integrated
information exchange, necessary quality of informa-
tion for the success of prefabrication, and advantages
linked to the use of blockchain technology.

The questionnaire survey was sent to the Pre-
fabNZ, an umbrella organisation for prefabrication in
New Zealand, with around 350 members (including
individuals and prefabrication firms). The minimum
sample size calculated was 132 (at 95 % confidence
interval; p<0.05). The study participants were initial
randomly sampled from PrefabNZ members, and
thereafter a snowball technique was used, so the study
could develop an in-depth exploration of the applica-
bility of blockchain in prefabrication (Creswell, 2005)
and increase the diversity of the sample through
a range of viewpoints (Kirchherr & Charles, 2018). To
meet the snowball sampling technique requirements,
the participants were encouraged to share the online
questionnaire with their co-workers and other people
they perceived to be qualified in the prefabrication
industry of New Zealand. At the end of the data col-
lection, 27 valid responses were collated, forming the
basis for the data analysis. This represents a response
rate of 20.4 %. Normally, studies related to construc-
tion have a rate of 20 to 30 % (Hwang, Shan & Looi,
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2018). With direct reference to the questionnaire
survey, nine respondents had over 15 years of related
experience, seven between 10 and 15 years, eight
between 5 and 10 years, and three less than 5 years.
Also, 12 participants answered from clients’ and 15
from contractors’ standpoint.

3. RESULTS AND DISCUSSION

Prefabricated construction is better for geo-
graphically dispersed construction sites (PrefabNZ,
2018). However, this approach involves a more com-
plex supply chain than traditional construction
methods (Shahzad et al., 2013). Keeping an effective
way of information exchange throughout prefabri-
cated projects can considerably decrease this com-
plexity (Wang et al., 2020). Integration of information
among stakeholders in the prefabrication supply
chain is complex, giving rise to myriad challenges on
obtaining effective supply chain integration (Jaillon
& Poon, 2010). Adopting information technology is
necessary to streamline the complex information
exchange processes and facilitate the prefabricated
construction supply chain. In this study, the analysis
of the questionnaire survey has been carried out in
three steps: 1) utilisation of technology, 2) drawbacks
associated with lack of information integration, and
3) advantages of blockchain technology in the prefab-
rication supply chain.

3.1. PREFABRICATION PHASES AND STAKE-
HOLDERS

A literature review and pilot interviews were
used to identify the connection of prefabrication
stakeholders with the phases of prefabrication pro-
jects in New Zealand. The nine groups of stakeholders
comprise statutory bodies, clients, consultants or
designers, developers, subcontractors, manufactur-
ers, indirect and direct suppliers, and distributors or
logistics enterprises with reference to (Gan, Chang
& Wen, 2018) and (Bakhtiarizadeh et al., 2019). This
study did not examine other stakeholders previously
identified by other researchers. For example, Zhai,
Reed, and Mills (2013) categorised the stakeholders
into six groups, excluding the government in China.
However, in New Zealand, the role of government or
statutory bodies is also relevant to the prefabrication
projects.

Moreover, according to the Royal Institute of
British Architects (RIBA) plan of work 2013, the life-

cycle of a construction project undergoes eight differ-
ent phases from the initiation to the delivery. Also,
Gibb (1999) classifies a modular construction project
into 12 phases and compares them to the traditional
construction approach. Using the mentioned research
and with reference to the previous study by Bakhtiari-
zadeh et al. (2019), twelve prefabrication phases were
tailored and tested for this study. The phases are
Strategic Definition or Initialisation, Preparation and
Briefing, Concept Design, Developed Design, Pro-
duction Planning, Technical or Detailed Design,
Construction (on-site preparation, off-site manufac-
turing, and transportation for assembly), Handover,
Maintenance, Demolition (according to the sustain-
ability criteria for future project use).

Interviewees also acknowledged that three
phases: Detailed Design, Construction, and Hando-
ver are the main phases, intricately engaging most of
the stakeholders. Also, they highlighted the essential
roles of clients and contractors who are consistently
involved from the inception until the end of projects
and whose responsibilities are not limited to certain
project phases.

3.2. UTILISATION OF TECHNOLOGY

Adopting information technology in the supply
chain has brought many benefits to different indus-
tries. Firstly, it has helped reduce products’ develop-
ment timeframes by enabling easier collaboration
amongst the production crew. Secondly, it has
reduced production costs. And lastly, it has enhanced
the quality of products to match customers’ require-
ments (Chou, 2004). Advanced systems, e.g. Elec-
tronic Data Interchange (EDI), Customer Relationship
Management (CRM), and Enterprise Resource Plan-
ning (ERP), are some examples of information tech-
nology systems being used for Supply Chain
Management (SCM).

However, these are being superseded by web-/
cloud-based technologies such as the Internet of
Things (IoT) and drones, enabling the swift and effec-
tive flow of real-time information across supply chain
stakeholders (Ngai et al., 2004; Xing, Qian & Zaman,
2016).

Despite the added value of cloud-based technolo-
gies to SCM, there are still a few problems related to
them. For instance, information security can be
deemed an issue since there is always a risk of mali-
cious attacks by hackers (Finch, 2004). Also, accessi-
bility to information repositories for every supply
chain member can be considered another issue
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Fig. 1. Importance of information integration

(Chou, 2004). In the construction industry, the issues
mentioned above can jeopardise organisations’ criti-
cal information and trust amongst supply chain
partners since all information is prone to change by
any user either randomly or deliberately (Tse et al.,
2017). With reference to the questionnaire in this
study, 19 (out of 27) respondents demonstrated that
information technology (in general) is used in their
organisations, and 17 of them agreed that technology
would be useful as a facilitator for information inte-
gration.

3.3. SIGNIFICANCE OF INFORMATION
INTEGRATION

Information integration in the supply chain con-
tributes to collaboration, trust and logistics integra-
tion (Gielingh & Tolman, 1991). However,
uncertainties in supply chains appear when informa-
tion exchange is not quite streamlined. Literature has
proved numerous drawbacks associated with lack of
information integration, e.g. scepticism, distrust, and
fragmentation amongst the partner organisations.

In this study, an excerpt of previously studied
drawbacks associated with lack of information inte-
gration was collected and incorporated in the survey.
The respondents were asked to use a 5-point Likert
scale and confirm the effect of those drawbacks on
the outcome of their projects (Fig. 1).

Consequently, they also provided the attributes
of information critical for the success of their supply
chain (Fig. 2). The identified drawbacks associated
with lack of information integration revolve around

three main categories: transparency, traceability, and
security. Information transparency is regarded as
a decline in the uncertainty amongst the information
exchangers (Angeletos & Pavan, 2004). Transparent
information in the prefabrication supply chain
improves trust and collaboration amongst stakehold-
ers (Wang et al., 2020).

Traceability is the second critical attribute of
information that helps the development of an efficient
prefabrication supply chain. In the prefabricated sup-
ply chain, various types of materials are used, and the
ability to trace the origin of these materials is highly
crucial for prefabrication supply chain organisations
and end-users (Saberi et al., 2018).

Information security is interpreted as the integ-
rity of records and legitimacy of data (Lemieux,
2016). Information exchanged within an organisation
varies from drawings and reports to legal documents
(Sahin & Robinson, 2002). These types of informa-
tion require an information-exchange platform that
is capable of storing the information securely for
future use. Therefore, a suitable information security
engine is needed to warrant the secure transition of
knowledge and learnings of a given project to the
next. This attribute is critical for the integration of
prefabrication supply chains.

3.4. BENEFIT OF USING BLOCKCHAIN
TECHNOLOGY IN THE PREFABRICATION CSC

There is a close-knit relationship between infor-
mation integration and blockchain technology as an
enabler of a secure information sharing database. To
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diminish the disruptions to the prefabrication supply
chain, information integration should be maintained
and controlled constantly (Doran & Giannakis,
2011). Thus, blockchain technology would be a solu-
tion for creating integration in the prefabrication
supply chain.

In New Zealand, the construction industry has
long been intertwined with traditional construction
approaches. However, with the rise of newer methods
(e.g., prefabrication), industry experts are better dis-
covering the benefits of using technologies. For this
study, participants were asked to indicate their level
of agreement with the benefits of information inte-
gration and blockchain technology. As indicated in
Fig. 3, the results show that the breakeven point of the
benefits of information integration commensurate
with the benefits associated with blockchain technol-
ogy meets at the level of 31 %.

Many studies have shown the ability of block-
chain technology to store a range of information in
different formats, such as models, sketches, images,
drawings and recordings (Devine, 2015; Chen, Wang
& Zhang, 2018). Once these types of information are
recorded on the blockchain, information integration
is formed, and the prefabrication sector will benefit
by reducing fragmentation and improving transpar-
ency, traceability and information security.

4. CONCLUSIONS

Construction Supply Chain Management is
regarded as a network of tasks providing services and
values to clients (Mentzer et al., 2001). Most of the
social, environmental, and economic shortcomings
of traditional construction appear to have been
resolved using newer practices, such as prefabrica-
tion. However, in this subsector of the construction
industry, information integration, which is a major
driver of supply chain integration, has not been paid
attention to, resulting in a low level of trust amongst
stakeholders (Shahzad et al., 2015). Information is
transmitted securely amongst the stakeholders within
an integrated supply system without any unwanted
alterations. Also, It helps the prefabrication supply
chain to benefit from the visibility and transparency
attached to information integration platforms.

Blockchain technology, being an advanced infor-
mation integration tool, represents a potential solu-
tion for dispelling inherent issues of supply chain
systems by ensuring security, transparency, and
traceability. Adopting this technology in the prefabri-
cation industry of New Zealand can help obtain
a more streamlined and efficient supply chain inte-
gration.
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Fig. 3. Significance of using blockchain technology

This study explores the stakeholders” engagement
in different stages of prefabrication projects and
ascertains the benefits of using blockchain technol-
ogy in New Zealand’s prefabrication supply chain.
Firstly, 12 construction phases and nine groups of
stakeholders were identified through a pilot inter-
viewing of industry professionals. Then, the disad-
vantages associated with lack of
integration and the importance of using blockchain
technology as an information integration mechanism
were explored by adopting a questionnaire survey for
collecting a wider industry experts’ opinion. Amongst
the total of stakeholders and 12 project phases, two
stakeholders and three phases were recognised as
focal points in the supply chain network. The results
show that using blockchain technology can enhance
the integration of prefabrication projects by creating
trust amongst the organisations working directly or
indirectly in their supply systems. This technology
also helps stakeholders with their business interac-
tions and generates a transparent collaboration
amongst prefabrication projects partners.

One limitation of this study is that the data was
collected from the experts within a certain period.
Also, all participants had not practically utilised
blockchain technology as a tool in their professional
experiences. In all cases, the technical definitions
used in this study should have been explained to
them clearly and upfront. The results of this study
could be discussed by other studies which have pro-
vided frameworks for the uptake of the prefabrication
supply chain. Blockchain technology will gradually
become more accepted and more mature, which will

information

enhance stakeholders’ viewpoints on blockchain and
other advanced IT systems.
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