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Africa
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Sustainable Human Settlement and Construction Research Centre (SHSCRC), Department of
Construction Management and Quantity Surveying, Faculty of Engineering and Built Environment,
University of Johannesburg, Johannesburg, South Africa

Introduction: The traditional procurement system in the construction industry
has been plagued by inefficiencies, often serving as a significant obstacle to
project delivery. Thus, this study examines the dynamics of adopting smart
contracts for project procurement for optimal project success and delivery, with
insights and recommendations from the South African Construction Industry.

Method: The study employed a quantitative research approach utilizing
descriptive and inferential statistics of Mean Item Score (MIS) and Exploratory
Factor Analysis (EFA) for data analysis, based on a purposive sampling technique.

Results: The MIS results for the benefit, legal & regulatory constraints, and best
practices of smart contracts range between 3.73 - 441 values, while the Kaiser-
Meyer-Olkin (KMO) values were higher than the recommended 0.6 value for the
EFA and Cronbach'’s Alpha value of 0.969 across the indicators.

Discussion: The study's findings revealed two categorized benefits of
adopting smart contracts: administrative and operational efficiency of project
procurement and procurement optimization; two components of legal and
regulatory constraints: Transactional and legal encumbrance to smart contract
implementation and legal gaps and ambiguity and two best practices:
smart contract reliability practices for project procurement and consistent
stakeholders’ engagement for smart contract protocol standardization. The
study concludes that Smart contracts can transform global project procurement
within the construction industry. The study recommends the development of a
green paper on smart contract adoption and integrating smart contracts into
standard forms of construction contracts.

KEYWORDS

procurement management, smart contract, blockchain technology, construction
projects, project procurement

Highlights

« Smart Contracts can revolutionize the construction industry

o Smart Contracts aid administrative and operational efficiency of project procurement

o There is a need to address Transactional and legal encumbrance to smart contract
implementation
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« Consistent stakeholders’ engagement ensures smart contract
protocol standardization

o Integration of Smart Contracts into Standard Forms of
Construction Contracts

1 Introduction
1.1 Background to the study

Achieving economic delivery of projects requires strategic
procurement management, as this managerial approach entails the
execution of project contracts, management of project suppliers,
and optimization of project risk along the entire supply chain.
According to Afshari and Bafti (2023), project procurement
management is a strategic pillar in construction management, as
it entails all stakeholders and agreements involved in a project.
Consequently, the complexity in project procurement management
evidenced in the need for accountability, streamlining of processes,
and minimization or avoidance of delays (Brown and Jones,
2021) has led to the adoption of smart contracts for optimized
construction procurement management. The Smart contract is
a digital application founded on Blockchain technology that
automatically self-executes agreements and ensures the automatic
fulfillment of terms and conditions (Clack et al., 2017). Additionally,
smart contracts based on blockchain technology set up a reliable
and secure system of data by providing secure and tamper-proof
transaction records, merging their role, and increasing information
management, thereby enhancing the security of construction
projects (EY, 2023). According to Ene (2020), the smart contract
was created by the Computer Scientist and Cryptographer N.
Szabo of which the scientist posited that smart contracts can
“utilize protocols and user interfaces to facilitate all steps of the
contracting process” Szabo (1997). However, Ene (2020) gave a
comprehensive definition of a smart contract as “an electronic code
that, upon the occurrence of (a) specified condition(s), is capable of
running automatically according to pre-specified functions to execute
a transaction between parties, stored and processed on a Blockchain or
other distributed network and authenticated by a Digital Signature”
According to Confideal (2017), the smart contract operates on
the features of Blockchain Technology, such as reliability, accuracy,
immutability, and transparency. Also, the research of He, et al
(2018), as cited in Mao and Chen (2023) opined that smart contract
is a decentralized, autonomous, de-trusted, tamper-evident, and
self-sufficient system that allows contracting parties to complete
transactions in a digital form without any third-party.

Consequently, the advent of smart contracts in the construction
industry and specifically within the procurement dynamics of the
industry is poised to ensure transparency and accountability of
the procurement process, eliminate risks associated with contracts,
and aid in the automatic tracking of terms and conditions
(Jahani, et al., 2021). Hence, smart contract adoption in the
construction industry has become a game-changer for effective
and efficient project procurement management. The research
of Williams-Elegbe (2018) shows that through smart contracts,
corruption in government contracting and the probability of fraud
in procurement mechanisms can be reduced. This is also confirmed
by the research of RLB Alexander (2023), which states that smart
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contracts aid in minimizing the complexity of contracts, enhancing
the transparency of business transactions in the construction
industry, and enhancing surveillance of different activities.

Furthermore, the adoption of smart contracts for project
procurement is supported by Rogers’ (2003) Innovation Diffusion
Theory (IDT). As discussed by Sahin (2006) and applied by
David, et al. (2022), the IDT framework is built around four key
elements: the innovation itself, communication channels, time,
and the social system. Hence, Smart contracts align well with
this framework and reflect Rogers’ (2003), p. 13 definition of
technology as “a design for instrumental action that reduces the
uncertainty in the cause-effect relationships involved in achieving a
desired outcome”” This definition reflects that a smart contract is a
technology and innovation that can transform the uncertainties
from project procurement throughout the entire lifecycle of a
project, thereby facilitating a seamless project delivery. One of
the central challenges to technology adoption, as highlighted
in IDT and reinforced by Sahin (2006), is the uncertainty
surrounding the perceived advantages and disadvantages of
the innovation. To address this, the diffusion of innovation
requires clear communication channels that encompass knowledge
dissemination, persuasion, decision-making, implementation, and
confirmation. This research, through its three specific objectives,
contributes to this process by outlining the benefits of smart
contract adoption in project procurement, identifying the legal
and regulatory barriers, and presenting best practices to facilitate its
implementation.

1.2 Problem statement

The introduction of smart contracts within the procurement
dynamics of the construction industry is timely, given the
inefficiency that has marred procurement issues in the industry.
According to AIA Contract Document (2023), the traditional
mechanism of formulating and executing project contracts has
not efficiently addressed payment delays and challenges within the
construction industry. This is corroborated by the claims of Levelset
(2021) that 76% of Construction Companies encounter payment
and financial challenges, including slow payments, no payments,
and even payment disputes. Moreover, Peters et al. (2019) research
affirmed that many construction companies, especially small and
medium-sized companies in developing economies, are plagued
with late payments and non-payment of necessary financial and
contractual obligations. In a list of 28 causes of these procurement
issues, the authors’ research revealed the top six causes: Bureaucratic
procedures, poor management of variations, state of the economy,
poor process implementation, and acceptability of late payment.
This procurement menace is becoming rampant within the industry,
leading to poor project delivery, non-compliance with contractual
obligations, and poor-quality work (Akaba, et al., 2020). However,
introducing smart contracts paves the way for an efficient payment
system that honors agreed contractual obligations. According to
EY (2023), Smart contracts automatically execute transactions with
predefined conditions, thereby increasing transparency in contract
management, reducing manual oversight, decreasing conflicts, and
improving efficiency. Also, Rathnayake et al. (2022) posited that
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smart contracts increase trust among contractors, owners, and sub-
contractors in managing contracts and reducing susceptibility to
conflicts.

Furthermore, in the evaluation of the challenges facing the South
African Construction Industry, the research of Khutso et al. (2023),
among other issues, revealed that procurement-related issues are
a big challenge in the industry, thereby leading to poor quality
of construction work, which are based on fraud and corruption
of the procurement system, inefficient delivery model, inordinate
preferences and the inadequacy of information in choosing
professional services and contractors based on standardized quality
criteria. Also, according to the Master Dissertation of Bangani
(2023), the top five (5) procurement challenges faced by emerging
contractors in the South African public sector are late payment by
the government, political interference, poorly managed cashflow,
too much competition, and lack of understanding of pricing
techniques. These challenges narrow down to the terms of contracts
and agreements between all the parties, which the blockchain
technology of smart contracts can help execute seamlessly.

1.3 Research gap and study objectives

Given the potential of smart contracts in addressing the
various issues within the Procurement dynamics in the construction
industry, there are few scholarly research on the subject matter.
An inquiry into the Scopus database shows that publications on
the interoperation of smart contracts and project procurement
started in 2018, with just 135 publications as of December 2024
with major subject areas in Engineering and Computer Science.
Consequently, from the Scopus database, only two research studies
applicable to smart contracts and procurement are from South
Africa, signifying low research within the subject matter in the
country. Moreover, the two South African research are “Appraising
the application of cryptocurrency technologies in the Nigerian built
environment: Stakeholders perspectives” in Ebekozien, et al. (2024)
and “Harnessing 4IR/5IR technologies for improved procurement and
delivery” in Awuzie and Moghayedi (2024). An abstract analysis
of this research shows that they are not tailored towards the
Republic of South Africa; hence, to the best of the author’s
knowledge, there is currently no research on the application of
smart contracts within the South African Construction industry.
This is a significant geographical research gap that this study bridges
and provides more clarity on the interoperation of smart contracts
and project procurement management within the South African
Construction Industry, with implications for the Southern African
Construction industry, emerging markets, and the African economy,
in general, considering the economic power of South Africa within
the continent.

Therefore, given the transformative potential of smart contracts
in project procurement management of the construction industry
and the research lacuna of the South African Construction Industry,
the cardinal objective of this study is to analyze the adoption of
smart contracts in Project Procurement management in the South
African Construction Industry. To achieve this objective, this study
has formulated three specific objectives, which are:

a. Evaluate the benefits of Smart Contract Adoption in Project
Procurement Management;
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b. Examine the legal and regulatory constraints for smart contract
adoption in Project procurement, and

c. Explore the best practices for adopting smart contracts in
project procurement.

1.4 Significance of the study

The adoption of smart contracts within the South African
Construction Industry will reposition the existing contract
management processes and systems and address project
procurement management challenges. By adopting smart contracts
for procurement optimization, the industry will internalize the
various benefits, thereby becoming a compendium of knowledge
for the stakeholders in the industry. Also, according to Xu et al.
(2021), smart contracts will ensure accountability within the
procurement process and even the scope of procurement, which
will simplify contract execution in project procurement and
eliminate human errors. According to the author, adopting a
smart contract will ensure robust stakeholder communications,
simplify the swift interactions between contractors and clients,
and remove bureaucratic encumbrance in tendering processes. The
research of Weingartner et al. (2018) posited that smart contracts
will aid in curbing and fighting corruption in public purchasing.
This will reduce the risk for construction industry suppliers,
smoothing relationships between contractors, subcontractors,
and clients.

Also, according to Migiro and Ambe (2008) and Tshabalala
(2024) the procurement dynamics of the Republic of South Africa
is guided by certain Acts of the parliament starting from the
constitution and Acts such as the Public Finance Management
Act 1 of 1999, Municipal Finance Management Act No 56 of
2003, Preferential Procurement Policy Framework Act No 5 of
2000, Broad-based Black Economic Empowerment Act 53 of 2003,
Promotion of Administrative Justice Act No 3 of 2000, Promotion
of Equality and the prevention of Unfair Discrimination Act
No 4 of 2000, Construction Industry Development Board Act
No 38 of 2000 and the Prevention and Combating of Corrupt
Activities Act No 12 of 2004. Hence, examining the legal and
regulatory constraints for smart contract adoption in Project
Procurement Management offers research insights into avoidable
pitfalls during the adoption process and areas that conflict or align
with existing procurement laws and regulations for integration
and compliance purposes. Also, identifying best practices for
adopting smart contracts will make it easy for construction
firms to adopt the technology in managing their various

procurement dynamics.

2 Research methodology

This study utilized a quantitative research method to address the
adoption of smart contracts in project procurement management
within the South African construction industry. Consequently, the
study adopted a descriptive quantitative research design, which
allowed for the collection of quantitative data through a survey
approach to understanding the perceptions and experiences of
respondents (Saunders et al., 2019; Creswell, 2014).
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2.1 Population, sample size, and sampling
technique

Given the geographical research gap of this study, the
population for the study consists of professionals within the South
African construction industry, which includes project managers,
quantity surveyors, procurement officers, and construction
project managers. The selection of these professionals follows
the recommendation of Fraenkel et al. (2015), that to ensure the
reliability of findings, different subgroups need to be included in
the research.

However, given the low level of smart contract adoption in the
construction industry and low research output, the study utilizes a
purposive sampling technique, with sixty (60) built environment
professionals targeted. This conformed with Campbell, et al.
(2020),
are used in selecting specific people for research due to

who posited that Purposive sampling techniques

their knowledge advantage, and because they may hold
important views.

2.2 Data collection and analysis

Given the quantitative research design for this study, a structured
questionnaire was used to collect data as the research instrument.
According to Dillman et al. (2014), the use of questionnaires
enhances the accuracy, anonymity, and validity of data collected.
In addition, the structured questionnaire designed in accordance
with the research objectives has four sections. The first section
addresses the respondents’ demographics, including age, gender,
highest educational level, Professions of the respondents, and
years of experience. The second section focuses on the benefits
of smart contracts, while the third section addresses legal and
regulatory constraints, and the fourth section espouses the best
practices for adopting smart contracts in project procurement.
The indicators in the questionnaire were measured using the Five
(5) point Likert scale of 1 - Strongly disagree, 2 - disagree, 3 -
Neutral, 4 - Agree, and 5 - strongly agree. Moreover, according
to the research of Al Tamimi and Shuib (2009), the Five (5)
points Likert scale has different mean levels, which was used in
this study: Strongly disagree ranges between 1.00-1.49; Disagree:
1.50-2.49; Neutral: 2.50-3.49; Agree: 3.50-4.49; and strongly
agree: 4.50-5.00.

Furthermore, like
percentage were used to analyze the demographics of the

descriptive  statistics frequency and
respondents in the analysis of the collected data for the research.
Also, given the five-point Likert scale for the rest of the sections
of the questionnaire, the Mean Item Score (MIS) was used
(Tambwe et al. 2023) as an inferential statistic. The MIS is the
average of the responses from the respondents, showing the ranking
of the indicators evaluated by the respondents. Also, according to
Sykes et al. (2016), MIS is an analysis involving the measurement
of central tendency and refers to the average value of a group
of numbers by adding up all the figures and dividing them by
the number of values. The MIS is accompanied by the standard
deviation for each of the indicators ranked by respondents, as
the standard deviation measures the spread of data about the
mean value (University Center for Teaching and Learning, 2018).
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In addition, given the nature of this research, in conformance with
the research of Martinez and Bartholomew (2017), MIS, which is
also an Arithmetic mean can be used for summary statistics, and
when optimized with standard deviation, it can be used to draw
appropriate inferences.

Furthermore, the various indicators of the section were further
subjected to inferential statistics of Principal Component Analysis
(PCA), a form of Exploratory Factor Analysis (EFA). According to
Akinradewo et al. (2022), PCA is a statistical analysis tool that aids
in the reduction of large data into clusters based on the theoretical
structure of the variables. This method of analysis was confirmed
by the research of Surucu et al. (2022) that EFA is a multivariate
statistical method that summarizes data and aid in the ease of data
interpretation and understanding of relationships and patterns of
data variables, which can be achieved using a PCA. Furthermore,
according to Surucu et al. (2022), the credibility of EFA is seen
through the Kaiser-Meyer-Olkin Measure (KMO) and Bartletts
Sphericity Test. An EFA analysis with a KMO Value of 0.6 and
above and a Bartlett’s Test of Sphericity of P < 0.05 means that
the data are suitable for EFA analysis. Moreover, according to the
research of Bryant and Yarnold (1995), the EFA is mostly used as
an inferential statistic based on the following assumptions of no
multicollinearity, the presence of true correlation between variables
and component factors, and the inclusion of relevant variables into
the analysis.

The
validation through expert review by professionals in the

research instrument underwent internal reliability

construction industry as well as researchers and practitioners within
the field of Blockchain technology. Furthermore, all data utilized in
the analysis, both for the Mean Item Score (MIS) and the Exploratory
Factor Analysis (EFA), were assessed for internal consistency using
Cronbach’s Alpha. The results revealed a Cronbach’s Alpha value of
0.969 across the 60 items spanning all indicators, which exceeds the
acceptable threshold of 0.70 as recommended by Gliem and Gliem
(2003) and Nunnally’s (1978) guideline. This is because the closer the
alpha value to +1, the greater the internal consistency of items that
form the construct. Furthermore, this high-reliability score further
corroborates the Kaiser-Meyer-Olkin (KMO) values reported in
Tables 3, 5, 7, all of which were above 0.6, thereby confirming the
internal consistency, validity, and reliability of the dataset and the
content of the research instrument.

The statistical package for the social science (SPSS) w.
25 and Microsoft Excel software were used to analyze the
collected data.

3 Presentation of data and findings

The data for this study was collected using a well-structured
questionnaire in an electronic format using Google Forms.
However, given the targeted 60 respondents for the study,
only 49 responses were retrieved, leading to a response rate
of 81.7%. This is an acceptable response rate in conformance
with the research of Moser and Kalton (2017), which states
that a response rate that is not lower than 30%-40% is
considered significant. The analyzed data results are presented in
accordance with the specific objectives of this research as stated
in Section 1 of the study.
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3.1 Demographic analysis of the
respondents

Table 1 shows the demographic analysis of the respondents.
According to the Table, there are more females than males, with
a representation of 55.1%-42.9%. Also, age distribution shows a
younger construction workforce that is very much in tune with
the ongoing digitalization of the industry, as more than 70% of
the respondents are below 30 years of age. Also, most (89.9%)
of the respondents have at least a bachelor’s degree certificate,
which further shows their level of understanding regarding the
subject matter for the research. Also, most of the respondents
are Quantity Surveyors (51%) and Construction Project Managers
(30.6%). Furthermore, at least 26.5% of the respondents have 6 years
of working experience within the construction industry, and 73.5%
of the respondents are very new in the industry and have 0-5 years
of experience.

3.2 Benefits of smart contract adoption in
project procurement

Table 2 shows the respondent ranking of the benefits of
the adoption of smart contracts for project procurement within
the construction industry. The most rated benefit was that
smart contracts reduce administrative costs through automated
documentation and approval workflows, with an MIS value of 4.41
and a Standard Deviation (SD) of 0.788. This depicts a strong
appreciation for efficiency gains that automation can make possible
within the procurement process through smart contracts. The
second most ranked benefit refers to transparency, which was highly
rated by the respondents because with it comes a clear, auditable
record that smart contracts provide, making compliance simpler and
enhancing auditability (MIS = 4.33; Standard Deviation = 0.875).
Moreover, through this transparency, there will be fewer contract
disputes due to the explicit terms encoded in smart contracts,
which enable more value in ensuring the reliability of the contract
performance. Similarly, preventing fraud was also considered a
significant advantage, as the participants viewed the automatic
enforcement of the terms in the contract as a way of deterring
fraudulent actions. They also favor smart contracts for efficiency
in smoothing procurement and reducing time wastage in finalizing
contracts. (MIS = 4.31; Standard Deviation = 0.769).

Moreover, while the other benefits, such as removing
intermediaries, reducing transaction costs, and minimizing
human errors, were appreciated, their ratings were relatively
high considering the Likert scale. That would mean although the
participants perceive these fields to have value when it comes to
looking at the general benefit, automation, transparency, and risk
mitigation are rated higher.

Table 3 presents the Exploratory Factor Analysis (EFA) of the
Benefits of adopting smart contracts in project procurement. The
table contains the pattern matrix, the analysis of the variance,
and the KMO. According to the table, the benefits of smart
contract adoption in project procurement were reclassified into
two components. Also, there is a KMO value of 0.866, which is
above the minimum of 0.6 and the Bartlett’s Test of Sphericity is
significant at 0.000, less than 0.05; these statistics values are deemed
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meritorious and acceptable, thereby confirming the authenticity
of the two components in line with the research of Surucu et al.
(2022) and Field (2009). Furthermore, the two components have a
cumulative variance extraction of 70.083%, between the expected
50%-95% extraction level (Surucu et al., 2022).

3.3 Legal and regulatory constraints in
adopting smart contracts for project
procurement

Table 4 presents the legal and regulatory constraints for the
adoption of smart contracts for project procurement within the
construction industry. According to the table, the respondents
established the extent to which legal and regulatory issues affect
the adoption of smart contracts in procurement using the five-point
Likert scale. The inability to manage cross-border transactions and
follow international regulations was rated the highest, with an MIS of
4.02 (Standard Deviation = 0.924). This rating is considered high and
indicates that although smart contracts could be adopted for cross-
border procurement, regulatory compliance is still a missing gap in
the legal environment. Also, of equal importance to the respondents
was the possibility of non-enforcement of those smart contracts
through the courts, meaning that current traditional legal systems
are more recognized in the court of law than smart contracts. Also,
high legal risks due to the use of smart contracts were rated as a
top constraint, with an MIS of 4.00 and a standard deviation of
1.041, emphasizing the need to address potential liabilities and risks
effectively.

Other factors were assessed to be somewhat lower, such as
compatibility with traditional procurement laws and compliance
with data protection standards. This suggests that, although relevant,
these may not necessarily act as the most direct barriers to
adoption. Relatively lower ratings regarding the availability of
extended regulatory frameworks and legal expertise imply that
seamless integration of smart contracts still faces certain challenges,
as uncertainties regarding legal regulations and a lack of enough
expertise in the management of disputes related to smart contracts
pose a significant barrier to wider diffusions and acceptability.

The principal component analysis (PCA) of the exploratory
factor analysis of the legal and regulatory constraints for the
adoption of smart contracts in project procurement is shown in
Table 5. According to the Table, the constraint was classified into
two components. Moreover, the KMO value of 0.845 and the high
significance level of 0.000 are in line with the recommendations
of Field (2009) that the KMO value for exploratory factor analysis
should be higher or equal to 0.6 and the significance value of P < 0.05.
Also, the cumulative variance extracted for the two components
is within the threshold recommendations of various researchers
as stated in Surucu et al. (2022).

3.4 Best practices for adopting smart
contracts in project procurement

Best practices for the effective use of smart contracts in project
procurement are rated on collaboration, continuous monitoring,
and standardization using a five-point Likert scale, as shown on the
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TABLE 1 Demographic representation of the respondents.

Demographic Categories Frequency Percentage (%)
Gender
Male 21 42.9
Female 27 55.1
Prefer not to say 1 2.0
Total 49 100
Respondent Age
18-25 Years 23 46.9
25-30 Years 17 34.7
30-40 Years 9 18.4
Total 49 100
Educational Qualification
Bachelor’s degree 44 89.9%
Honors Degree 2 4.1
Master’s degree 2 4.1
Others 1 2.0
Total 49 100
Respondent Professions
Quantity Surveyor 25 51.0
Construction Project Manager 15 30.6
Civil Engineers 3 6.1
Sustainability Manager/Professional 3 6.1
Others 3 6.1
Total 49 100
Years of Experience
0-5 Years 36 73.5
6-10 Years 8 16.3
11-20 Years 3 6.1
Over 20 Years 2 4.1
Total 49 100

Source: Researchers work (2024).

10.3389/fbuil.2025.1620790

MIS and Standard Deviation values of Table 6. The best practice
that was of essence was collaboration by stakeholders, recorded with
a MIS of 4.40 (Standard Deviation = 0.765). This would therefore
translate to a very high rating of the importance of involving all

Frontiers in Built Environment

parties concerned in the operation of smart contracts, including
suppliers and contractors. Involving stakeholders in the phases
of planning and execution of implementation of smart contracts
was also ranked high with a MIS of 4.30 and Standard Deviation
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TABLE 2 Benefits of smart contract adoption in project procurement.

10.3389/fbuil.2025.1620790

Benefits of smart contracts MIS  Std. Deviation
Smart contracts in project procurement minimize administrative costs by automating document processing and approval workflows 4.41 0.788
The transparency provided by smart contracts in procurement helps reduce disputes over contract terms and performance. 4.33 0.801
Smart contracts create a transparent and auditable record of all procurement transactions, simplifying audits and compliance checks 4.33 0.875
The use of smart contracts in project procurement streamlines the procurement process, reducing the time needed to finalize contracts. 4.31 0.769
Implementing smart contracts in procurement reduces the risk of fraudulent activities by enforcing predefined terms automatically 4.31 0.796
Using smart contracts increases trust among project stakeholders 4.29 0.890
Smart contracts enhance transparency in project procurement processes 427 0.930
Smart contracts eliminate the need for traditional intermediaries, such as brokers or agents, in the procurement process 4.24 0.879
The automation of smart contracts minimizes the risk of human error in procurement activities 420 0.912
The use of smart contracts enables real-time execution and enforcement of procurement contracts, ensuring timely deliveries 4.18 0.782
The automation provided by smart contracts in procurement reduces the likelihood of contract disputes and delays. 4.18 0.882
Smart contracts improve the efficiency of contract execution in project procurement 4.18 0.972
The security features of blockchain technology enhance the integrity of procurement contracts and transactions 4.12 0.857
Smart contracts can be easily scaled to manage multiple procurement contracts simultaneously in large projects 4.10 1.026
The use of smart contracts reduces the need for intermediaries, lowering transaction costs 4.04 0.978

Source: Researchers work (2024).

=0.720; this means an integrative approach to contract management
was valued highly. Also, the continuous monitoring of smart
contract performance was considered as one of the most important
elements for effective execution, and respondents demonstrated an
understanding that ongoing oversight of the project ensures that
their requirements are met, with a MIS = 4.25; Standard Deviation
=0.729. Accordingly, a high rating was given by the respondents on
the need for standardized protocols for creating and managing smart
contracts, reflecting a preference for consistent processes across
procurement activities in the South African Construction Industry,
with MIS = 4.23; Standard Deviation = 0.692.

Other best practices include consulting legal experts, adopting
standardized templates, and periodic reviews of smart contract
codes. This shows respondents’ awareness of the complexity
of the management of smart contracts. However, the relatively
lower scores for ongoing technical support and integration of
smart contracts with traditional contract management practices
suggest that while collaboration and standardization are recognized,
extra technological and organizational support will be required
to bridge the gap between digital and traditional procurement
practices.

Following the MIS for the best practices for adopting Smart
Contracts, the practices were further analyzed using the PCA
of Exploratory factor Analysis as presented in Table 7 into two
components. Furthermore, the KMO value of O.841 and Bartlett’s
Test of Sphericity significance p value of 0.000 are in conformance
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with the EFA requirements as stated in Field (2009), which were
elaborated and confirmed in Surucu et al. (2022).

4 Discussion of findings

This section provides a detailed discussion of the findings
presented in Section 3.

4.1 Benefits of smart contract adoption in
the project procurement

Table 2 shows the benefits of adopting smart contracts for
project procurement. In line with the Likert Scale findings of
Al Tamimi and Shuib (2009), the least benefit ranked by the
respondents have an MIS of 4.04, depicting that the respondents
who are built environment professionals all agree that smart
contract adoption for procurement dynamics have huge benefits
for the construction industry. The top four benefits from Table 2
are the minimization of administrative costs by automating
document processing and approval workflows (MIS = 4.41; SD =
0.788); reduction of disputes over contract terms and performance
(MIS = 4.33; SD = 0.801); creation of transparent and auditable
record of all procurement transactions, simplifying audits and
compliances checks (MIS = 4.33; SD = 0.875); and the fourth
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TABLE 3 Principal component analysis of the benefits of adoption.

Pattern matrix®

Component

Smart contracts enhance transparency in project procurement processes 0.975
The use of smart contracts reduces the need for intermediaries, lowering transaction costs. 0.837
Smart contracts improve the efficiency of contract execution in project procurement. 0.965
The automation of smart contracts minimizes the risk of human error in procurement activities. 0.882
Using smart contracts increases trust among project stakeholders 0.612
The use of smart contracts in project procurement streamlines the procurement process, reducing the time needed to finalize contracts. 0.686
The transparency provided by smart contracts in procurement helps reduce disputes over contract terms and performance 0.868
The security features of blockchain technology enhance the integrity of procurement contracts and transactions 0.788
Implementing smart contracts in procurement reduces the risk of fraudulent activities by enforcing predefined terms automatically 0.914
The use of smart contracts enables real-time execution and enforcement of procurement contracts, ensuring timely deliveries 0.610
The automation provided by smart contracts in procurement reduces the likelihood of contract disputes and delays 0.813
Smart contracts can be easily scaled to manage multiple procurement contracts simultaneously in large projects 0.703
Extraction Method: Principal Component Analysis
Rotation Method: Promax with Kaiser Normalization
a. Rotation converged in 3 iterations
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.866
Bartlett’s Test of Sphericity
Approx. Chi-Square 434.711
df 66
Sig 0.000
Variance Extracted for Component 1 57.766%
Variance Extracted for Component 2 12.317%

Source: Researchers work (2024).

benefit is the streamlining of procurement process and reduction
in the time to finalize contracts (MIS = 4.31; SD = 0.769). These
four top benefits highlight that smart contracts will focus on five
categories: Procurement administrative bottlenecks, Procurement
stakeholders
management and engagement; procurement efficiency and ease

Transparency and Accountability; Procurement
of contract finalization; and Procurement cost optimization.
Moreover, an in-depth analysis beyond the MIS in Table 2,
as stated in Table 3, reveals the pattern matrix of the PCA and that
there are two categories of benefits to adopting smart contracts in
project procurement. The first component comprises benefits such
as an increase in trust among project stakeholders, streamlining of
the procurement process for optimal time of finalizing contracts,
transparency for the reduction of disputes over contract terms
and performance, security features of blockchain for integrity
of procurement contracts and transactions, reduction of risk of
fraudulent activities leading automatic enforcement of predefined,
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enablement of real-time execution and enforcement of procurement
contracts for timely deliveries, procurement automation in reducing
likelihood of contract disputes and delays, and possibility of scaling
up of smart contract to manage multiple procurement contracts.
This first component of Benefits connotes the Administrative
and Operational Efficiency of Project Procurement through smart
contract adoption. The second component of benefits entails
transparency in project procurement processes, use of smart
contracts in reducing the need for intermediaries thereby lowering
transaction costs, improvement of efficiency in contract execution
in project procurement, and automation of smart contracts
to minimize risk of human error in procurement activities.
These benefits connote Procurement Optimization through Smart
Contracts.

These benefits from the MIS or EFA analysis are evident
that adopting smart contracts within the project procurement
mechanism will ensure high efficiency and optimization in project

frontiersin.org


https://doi.org/10.3389/fbuil.2025.1620790
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

David et al.

TABLE 4 Legal and regulatory constraints of smart contracts.

10.3389/fbuil.2025.1620790

Legal and regulatory constraints MIS Std. Deviation
Inability for cross-border procurement transactions and adherence to international trade regulations 4.02 0.924
Non-enforcement of smart contract by courts 4.02 0.946
High Legal risks associated with the use of smart contracts in procurement processes 4.00 1.041
Compatibility of legal principles governing traditional procurement contracts with smart contract applications 3.98 0.878
Infringement of the rights of suppliers or contractors within Smart Contracts in procurement 3.98 1.062
No compliance procedure for smart contracts utilization in procurement with relevant data protection and privacy regulations 3.96 0.865
Adaptation of existing procurement laws to accommodate the growing use of smart contracts 3.96 0.978
Non-recognition of Smart contracts as legally binding under current laws in the context of project procurement 3.94 0.966
Lack of comprehensive regulatory framework that supports the use of smart contracts in project procurement 3.90 0.963
Regulatory uncertainties hinder the widespread adoption of smart contracts in project procurement 3.88 1.053
Inadequate legislative efforts to adapt existing procurement laws with smart contracts 3.82 0.972
Poor support for smart contracts in construction procurement in the current South African legal framework 3.82 1.074
Non-availability of sufficient legal expertise available to manage smart contract-related disputes 3.80 1.080
Absence of regulatory guidelines for the implementation of smart contracts in project procurement 3.78 1.046
Absence of legal enforceability procedures for smart contracts in South African law 3.73 1.221

Source: Researchers work (2024).

procurement management by reducing administrative costs due
to automating document processing, reducing manual labor, and
gaining time efficiency. Also, the ease in procurement administrative
bottleneck will be evident through the auditable and transparent
records created by the smart contract, as the records will be
recorded in an immutable ledger, which cannot be tampered with
or altered (Ceke et al., 2022). Also, given the reduction of disputes
over contract clauses and twists in obligations, there will be robust
stakeholder engagement before the formation of a contract. This is
because, by nature of the smart contract, predefined smart contract
terms can be observed to allow for easier enforcement of agreements,
which will reduce conflicts and ensure more dialogue.

Moreover, automation is a key distinguishing feature of smart
contract applications in project procurement that will lead to
administrative and operational efficiency of project procurement as
well as procurement optimization. This automation in document
processing aligns with Mougayar’s (2016) observations, which
highlight how smart contracts simplify administrative tasks and
significantly reduce overhead costs. Additionally, the efficiency
gained from minimizing manual tasks allows construction firms to
redirect resources toward more strategic functions and project areas,
especially tasks along the critical path. In addition, the ability of
smart contracts to store records transparently and audibly supports
the arguments of Wright and De Filippi (2015), emphasizing that
transparency enhances accountability and builds trust among
stakeholders in digital transactions. This capability is particularly
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valuable in the construction industry, where the complexity of
procurement activities demands openness to foster confidence
among project participants and mitigate potential disputes.
Also, the study’s findings on the importance of enforceability
align with Werbach and Cornell’s (2017) assertion that clear
legal interpretations are essential to establish the validity of smart
contracts in court. Such enforceability provides a sense of security
for businesses adopting digital contracts, as they can rely on legal
mechanisms to resolve disputes when they arise.

Furthermore, as stated earlier, Smart contracts offer a significant
advantage in reducing disputes by enforcing pre-agreed terms
automatically. This highlights smart contracts’ legal reliability and
practical utility, as observed by Savelyev (2017). By embedding
conditions that self-execute within the contract, compliance is
ensured without requiring constant human supervision, thereby
minimizing opportunities for manipulation and fraud. Additionally,
the inherent security features of blockchain technology, such as
immutability and data protection, and enhancement of contract
integrity, a benefit also discussed by Tapscott and Tapscott (2016),
which further ensures the efficiency and optimization of the various
processes in project procurement within the construction industry.
The absence of traditional mediators streamlines procurement
processes, aligning with Catalini and Gans’ (2018) observations
that decentralized systems can drastically reduce transaction costs.
This efficiency is particularly beneficial for large-scale construction
projects, where speed and cost-effectiveness are critical. Moreover,

frontiersin.org


https://doi.org/10.3389/fbuil.2025.1620790
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

David et al.

10.3389/fbuil.2025.1620790

TABLE 5 Principal component analysis of the legal and regulatory constraints.

Pattern matrix? Component
1

Lack of comprehensive regulatory framework that supports the use of smart contracts in project 0.919
procurement.
Absence of regulatory guidelines for the implementation of smart contracts in project procurement. 0.929
Absence of legal enforceability procedures for smart contracts in South 0.850
African law
Regulatory uncertainties hinder the widespread adoption of smart contracts in project procurement 0.791
Non-recognition of Smart contracts as legally binding under current laws in the context of project 0.766
procurement.
Non-enforcement of smart contract by courts 0.714
Infringement of the rights of suppliers or contractors within Smart 0.948
Contracts in procurement
Inability for cross — border procurement transactions and adherence to international trade 0.480
regulations.
Inadequate legislative efforts to adapt existing procurement laws with smart contracts 0.783
Extraction Method: Principal Component Analysis
Rotation Method: Promax with Kaiser Normalization
a. Rotation converged in 3 iterations
Kaiser-Meyer-Olkin Measure of Sampling 0.845
Adequacy
Bartlett’s Test of Sphericity

Approx. Chi-Square 238.881

df 36

Sig 0.000
Variance Extracted for Component 1 55.650
Variance Extracted for Component 2 13.062

Source: Researchers work (2024).

smart contracts can foster greater trust among project stakeholders
leading to procurement optimization. As supported by Risius and
Spohrer (2017), the transparency and clarity provided by blockchain
technology enhance collaboration, even in challenging project
environments, ultimately leading to improved project outcomes.
These findings carry significant implications for the South
African construction industry. Companies should intensify their
adoption of smart contract technology to automate routine
administrative tasks, thereby reducing the time and labor costs
associated with manual processes. Smart contracts’ transparency
and ability to minimize disputes can enhance accountability among
stakeholders, particularly in multi-party projects where trust is
critical. Furthermore, smart contracts support compliance and
uphold the long-term integrity of procurement processes, reducing
fraud and human error risks while strengthening contractor-
client relationships and adherence to industry standards. Also,
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the scalability of smart contracts is especially valuable for large-
scale projects, enabling firms to manage numerous contracts
without incurring additional administrative burdens. This is
particularly advantageous in infrastructure projects, which often
involve extensive collaboration, multiple contracts, and tight
timelines. By leveraging smart contracts, construction companies
can optimize workflows and ensure project efficiency during
the procurement process (Ozkan et al., 2021). Additionally, the
cost savings achieved through the elimination of intermediaries
can be reinvested in training and infrastructure development
to further facilitate the adoption of digital technologies. Smart
contracts integrated into procurement processes have the
potential to revolutionize traditional methods, making them
more efficient, transparent, and cost-effective. Firms that embrace
these innovations will be better positioned to adapt to the digital
transformation of the industry and maintain a competitive edge.
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TABLE 6 Best Practices for the adoption of Smart contracts in project procurement.

Best practices MIS ’ Std. Deviation

Collaboration among stakeholders 4.40 0.765
Involving all stakeholders in the planning and implementation of smart contracts in procurement 4.30 0.720
Continuous monitoring and evaluation of smart contract performance 4.25 0.729
Continuous monitoring of smart contracts with project requirements 4.25 0.812
Provision of comprehensive training for procurement teams and other stakeholders 4.25 0.812
Standardized protocols for creating and managing smart contracts in project procurement 4.23 0.692
Consultation with legal experts during the development of smart contracts to ensure compliance with procurement laws 4.23 0.692
Standardized templates for smart contracts to improve the consistency and reliability of procurement processes 4.23 0.831
Regular reviews and updates of smart contract codes to help identify and fix potential issues in procurement processes 421 0.798
Detailed risk assessments are conducted to identify potential challenges in the implementation of smart contracts in procurement 421 0.771
Extensive testing and Validation of smart contracts are conducted before they are deployed in procurement activities 4.17 0.859
A robust governance framework is established to manage the use of smart contracts in project procurement 4.08 0.821
Clear and specific terms should be encoded in smart contracts to avoid ambiguities 4.06 0.810
Smart contracts should be used in conjunction with traditional contract management practices 4.02 0.924
Ongoing technical support is provided to address any issues that arise in the use of smart contracts in procurement 4.00 0.834

Source: Researchers work (2024).

4.2 Legal and regulatory constraints for
smart contract adoption in project
procurement

Table 4 outlines the Legal and Regulatory constraints that
might delay or hinder the adoption of smart contracts for project
procurement. It is pertinent for stakeholders within the construction
industry to take these constraints seriously and avoid the pitfalls.
The first four constraints are as follows: cross-border procurement
transactions and adherence to international trade regulations (MIS
= 4.02; SD = 0.924); Court Enforcement of procurement contracts
managed by smart contract (MIS = 4.02; SD = 0.946); Legal
Risks associated with the use of smart contracts in procurement
are well understood and can be mitigated (MIS = 4.00; SD =
1.041); and Compatibility of legal principles governing traditional
procurement contract with smart contract applications (MIS = 3.98;
SD = 0.878). The top-ranked constraint by the respondents focuses
on the Legality of the adoption of Smart Contracts within the
procurement dynamics. This is because most procurement processes
within the construction industry follow different procurement laws
in bidding/tendering, relationships with suppliers, and contract
management. It also highlights the legality of contract management
within two different economies in the procurement of materials.
However, the introduction of smart contracts does not invalidate
existing procurement laws, it aids the efficiency of execution of
these laws.
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Furthermore, the PCA of the Exploratory Factor Analysis
revealed in Table 5 shows that the constraints are classified
into two. The first component of constraint focuses on the
regulatory uncertainties, non-legal recognition of smart contracts,
non - non-enforceability of procurement contracts managed by
smart contracts, possible infringement on the right of suppliers
or contractors, non - suitability for cross-border procurement
transactions, and inadequate legislative efforts to adapt existing
procurement laws with smart contracts. This constraint depicts
the transactional and legal encumbrances of the implementation
of smart contracts. The second component of constraints for the
adoption of smart contracts in project procurement encompasses
non-support of the current South African Legal framework, unclear
regulatory guidelines for the implementation of smart contracts, and
the unenforceability of smart contracts in South African Law. These
constraints sum up as the Legal gaps and ambiguity within the South
African Legal Framework for smart contract implementation. The
research of Van Eck and Agbeko (2024) affirmed that there are no
legal procedures or recognition for smart contracts within the South
African legal frameworks. The authors posit that unlike the United
Kingdom through the Data Act to regulate smart contracts, none of
such exist within the South African legal landscape.

Consequently, the study highlights from the MIS and EFA
posit that the current procurement laws within the Republic of
South Africa exhibit low adaptability to smart contracts, given
the legal gaps, legal encumbrances, and ambiguity surrounding
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TABLE 7 Principal component analysis of best practices for smart contracts adoption.

Pattern matrix®

Component

1

Collaboration among stakeholders is essential for the successful implementation of smart contracts.

0.873

There should be standardized protocols for creating and managing smart contracts in project procurement.

0.983

Extensive testing and validation of smart contracts are conducted before they are deployed in procurement activities

0.893

A robust governance framework is established to manage the use of smart contracts in project procurement

0.840

Detailed risk assessments are conducted to identify potential challenges in the implementation of smart contracts in procurement

0.664

Ongoing technical support is provided to address any issues that arise in the use of smart contracts in procurement

0.916

Extraction Method: Principal Component Analysis
Rotation Method: Promax with Kaiser Normalization

a. Rotation converged in 3 iterations

Kaiser-Meyer-Olkin Measure of Sampling
Adequacy

0.841

Bartlett’s Test of Sphericity
Approx. Chi-Square
df
Sig

155.642
15
0.000

Variance Extracted for Component 1

65.592

Variance Extracted for Component 2

13.040

Source: Researchers work (2024).

the procurement system. Savelyev (2017) emphasizes that legal
frameworks must evolve in tandem with technological advancements
to remain relevant. This flexibility is particularly crucial for South
African construction companies aiming to engage in international
projects, where compliance with diverse jurisdictions is necessary.
Additionally, while respondents highlighted certain constraints, it
remains essential to understand and mitigate legal risks associated
with the use of smart contracts. This perspective aligns with Risius and
Spohrer (2017), who emphasize the critical role of risk assessment in
adopting new technologies. By proactively addressing legal challenges,
construction companies can seamlessly integrate smart contracts into
their operations, thereby fostering both innovation and efficiency.
Moreover, the findings suggest that stakeholders, while
cognizant of the various legal encumbrances facing smart contracts
within the South African Procurement system and the Construction
Industry Contract Management framework should be prepared
to tackle them through strategic decisions informed by legal
counsel as the Electronic Communications and Transactions Act,
2002 (ECTA) of South Africa may provide legal insights on the
way forward for selected procedures within the smart contract.
The compatibility of smart contracts with traditional legal concepts
underscores the adaptability of existing legal frameworks to evolving
technologies. Rather than rendering these frameworks obsolete,
smart contracts have the potential to complement and enhance
their efficiency and optimization as ranked by the respondents,
creating a harmonious integration that preserves legal continuity
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while embracing innovation. This alignment facilitates the transition
for businesses adopting smart contracts and ensures that established
legal principles remain relevant and effective in governing digital
transactions. Moreover, this alignment fosters a dual advantage: it
reduces the barriers to adoption by alleviating concerns about the
need for entirely new legal structures and enhances the robustness
of the legal system by incorporating advanced technological
capabilities with developed countries providing a pathway.
Furthermore, as mentioned by the respondents, smart contracts
can streamline processes, improve enforceability, and boost confidence
among stakeholders by bridging the gap between traditional and
digital paradigms. Also, the study’s findings from the MIS ranking
regarding compliance with data protection regulations alleviate
concerns raised by De Filippi and Wright (2018), who argued that
blockchain-based systems must be designed to respect privacy
laws. This aspect is particularly crucial as discussions around
digital technologies increasingly prioritize data security and privacy.
Ensuring such compliance strengthens trust and facilitates the broader
acceptance of smart contracts in the industry and will ease its
adaptability with existing procurement law and regulatory framework.
Furthermore, for smart contracts to function effectively within
the South African construction industry, it is essential to establish
collaboration between industry stakeholders and policymakers to
create a supportive legal framework. Reflecting on the emphasis
on enforceability in the legal ambiguity and encumbrances, legal
professionals must prioritize understanding blockchain technology
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and smart contracts. This would involve targeted training and
workshops for legal experts in the construction sector to equip them
with the skills to address court disputes and contract enforcement
specific to this digital innovation.

Additionally, data protection and privacy findings underscore
the importance of implementing robust data security measures, such
as encryption and adherence to relevant data protection laws within
the country. This is vital for mitigating the risk of data breaches and
maintaining stakeholder trust. Firms should view these measures as
compliance requirements and integral components of their digital
transformation strategy.

The study’s emphasis on evolving legislation highlights the need
for proactive engagement with regulatory bodies. South African
construction firms should work closely with industry associations,
especially the South African Council for the Project and
Construction Management Professions (SACPCMP) to advocate
for policies supporting smart contract adoption. By shaping
emerging regulations, firms can ensure that new legal frameworks
accommodate the unique challenges and opportunities of the
construction industry. Thus, creating a stable legal environment
that fosters innovation will enable the seamless implementation of
smart contracts. At the same time, these frameworks must safeguard
the rights of all parties involved, thereby balancing innovation with
accountability without any suspicion.

4.3 Best practices for the adoption of smart
contracts in project procurement

To maximize the benefits of smart contracts and avoid the
legal and regulatory challenges associated with their adoption, the
respondents ranked the best practices for ensuring the smooth
integration of smart contracts in project procurement in Table 6. The
top best practices are as follows: collaboration among stakeholders
(MIS = 4.40; SD = 0.765); Involving all stakeholders in the planning
and implementation of smart contracts in procurement (MIS =
4.30; SD = 0.720); Continuous monitoring and evaluation of smart
contract performance (MIS = 4.25; SD = 0.729); and Continuous
monitoring of smart contracts with project requirements (MIS =
4.25; SD = 0.812). Given these best practices and other ranked
practices, the respondents focus on stakeholders’ buy-in during
the planning and integration of smart contracts within the project
procurement and the need to establish smart contract protocols and
guidelines. Therefore, this study has statistically established the need
for collaboration between the industry, blockchain developers, and
academic researchers to formulate a pathway for the adoption of
smart contracts in project procurement.

Moreover, the best practices are categorized into two (2)
components per the Exploratory Factor Analysis (EFA). The
first components entail practices such as extensive testing and
validation of smart contracts before procurement deployment,
robust governance framework for smart contract management,
detailed risk assessment, and ready-proof technical support for
any issues during smart contract deployment. These practices can
be summed up as Smart Contract Reliability Practices for project
procurement. The second component focuses on the collaboration
among stakeholders and the need for standardized protocols for
creating and managing smart contracts in project procurement.
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These practices connote Consistent stakeholder engagement for
Smart Contract Protocol Standardization.

Stakeholder cooperation aligns with Savage et al. (2011),
who identified cooperation as a key factor in achieving project
success, which is essential for the integration of smart contracts in
project procurement. Furthermore, the engagement of stakeholders
in the planning process reflects the views of Loosemore et al.
(2012), who highlighted the importance of active participation
in the management of digital projects. Additionally, continuous
monitoring supports the perspective of Risius and Spohrer (2017),
who emphasized the need for regular assessments to ensure that
smart contracts meet the projects objectives. Finally, the emphasis
on training reinforces the findings of De Filippi and Wright (2018),
who stressed the necessity of educating stakeholders about the
functionalities of smart contracts.

The findings suggest that construction firms in South Africa
need to adopt a collaborative approach for standardized and
generally acceptable protocols when implementing smart contracts,
ensuring that stakeholders are involved from the planning stages
through to execution. Continuous monitoring indicates that firms
must establish mechanisms to regularly assess contract performance
and adjust when needed. Also, extensive training for all parties is
crucial, with investment in educational programs to raise awareness
of each party’s role in using smart contracts. Additionally, the need
for standardized protocols highlights the importance of developing a
set of guidelines to maintain consistency in the application of smart
contracts across various projects.

5 Conclusion

The procurement system in the construction industry serves
as a cornerstone for successful and efficient project delivery,
integrating various construction processes and methods. However,
the traditional procurement system reveals significant constraints in
the current digital era of the permeating fourth industrial revolution
(4IR). These include inefficiencies in procurement operations,
delays in planning, material delivery, and site logistics, lack of
data integration and optimization for informed decision-making,
inadequate management of vendor and supplier relationships,
and inefliciencies in contract administration among construction
stakeholders. Hence, the introduction of smart contracts as a
transformative mechanism offers a revolutionary approach to
enhancing procurement efficiency. By addressing these challenges,
smart contracts have the potential to modernize and streamline
procurement processes, paving the way for more effective and
reliable project execution in the construction industry.

Through a Mean Item Score (MIS), the benefits, legal and
Regulatory constraints, and best practices for the adoption of
smart contracts in project procurement were analyzed, thereby
filling a geographical research gap within the South African
Construction Industry. Moreover, the indicators were further
subjected to Exploratory Factor Analysis (EFA) using Principal
Component Analysis (PCA). The benefits, constraints, and best
practices were analyzed into two components, each summarizing
the indicators in line with EFAs assumptions and KMO and P
value validity. The benefits of the adoption of Smart contracts
were divided into Component 1: Administrative and Operational

frontiersin.org


https://doi.org/10.3389/fbuil.2025.1620790
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

David et al.

Efficiency of Project Procurement; and Component 2: Procurement
Optimization. Also, the EFA analysis revealed two categories of legal
and regulatory constraints: Component 1: Transactional and Legal
Encumbrance of Smart Contract Implementation; and Component
2: Legal Gaps and Ambiguity within the South African Legal
Framework. Furthermore, the Best Practices for the adoption of
smart contracts within the South African Construction Industry are
classified as: Component 1: Smart Contract Reliability Practices for
project procurement; and Component 2: Consistent Stakeholders
Engagement for Smart Contract Protocol Standardization.

In conclusion, this research has demonstrated that smart
contracts have the potential to transform global project procurement
within the construction industry by delivering significant
improvements in efficiency, transparency, and accountability.
However, their widespread adoption remains limited due to
persistent regulatory and legal challenges. A phased implementation
strategy, emphasizing stakeholder engagement, standardized
processes, and continuous monitoring, can help maximize the
benefits of this evolving technology. Further research and advocacy
efforts are also essential for developing supportive legal frameworks
and fostering cross-industry collaboration. These measures will pave
the way for the construction sector in South Africa to harness the
long-term advantages of smart contracts fully.

Moreover, while this research contributes to the discourse
on smart contract adoption for project procurement systems, it
has minor limitations. One notable limitation arises from the
respondents’ work experience, which predominantly falls within the
0-5 years range. Although the evolving construction management
curricula in many South African universities may enhance their
understanding of the digitalization of the construction industry,
their practical experience in the operationalization of procurement
systems may be limited. This could influence the depth of insights
provided regarding the real-world application of smart contracts
in the construction sector. However, as seen from this study, their
perception and ranking have been confirmed with exploratory factor
analysis and empirical studies. Additionally, the relatively modest
sample size may have influenced the research outcomes. It is possible
that a larger sample could yield slightly different results. However,
given the conformance to empirical findings as explored in the
research, it is reasonable to infer that the conclusions drawn are
still valid and might reach the same outcomes, thereby contributing
meaningfully to the existing body of knowledge.

Furthermore, although this research aligns with Rogers’ (2003)
Innovation Diffusion Theory, further studies are needed to explore
the extent and patterns of adoption across the construction industry.
Specifically, future research should investigate the distribution of
adopters based on Rogers categories: innovators (2.5%), early
adopters (13.5%), early majority (34%), late majority (34%), and
laggards (16%). Such studies would offer deeper insight into which
segments of the industry or professional groups are more likely
to embrace smart contract technologies for procurement, and
at what pace.

6 Practical and theoretical implication

This research has examined the benefits, legal and regulatory
challenges, and best practices surrounding the adoption of smart
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contracts in project procurement within the construction industry.
The findings highlight key areas where smart contract integration
can significantly enhance and streamline procurement processes
across the sector. The following are some practical and theoretical
implications that will stimulate the adoption of the research findings.

6.1 Need for training

The findings of this research underscore the critical need to
develop a pool of blockchain researchers and practitioners within
the construction industry, capable of designing tailored smart
contracts that align with the unique procurement frameworks
of various construction companies and firms. Additionally,
it highlights the importance of training construction firm
personnel, especially procurement and tender officers, to build
the technical skills and competencies required to understand,
write, and implement smart contracts effectively. This capacity-
building initiative is essential for driving digital transformation in
procurement processes through smart contracts.

6.2 Collaboration between construction
stakeholders and lawmakers

The findings of this research underscore the importance
of establishing stronger collaboration between construction
stakeholders At
legislators remain disconnected from the operational realities

industry and lawmakers. present, many
and advancements within the construction sector, often engaging
only during ceremonial or public events. Building meaningful
relationships between these two groups is essential for the effective
incorporation of smart contracts into procurement frameworks.
Such collaboration would allow lawmakers to better understand
the value, functionality, and transformative potential of digital
technologies like smart contracts. In the context of the Republic
of South Africa, this engagement could be initiated through key
parliamentary divisions such as the Knowledge and Information
Services and the Parliamentary Research Unit. Integrating the
heads of these units into academic research initiatives and
industry dialogues would provide firsthand exposure to the
advantages of smart contracts, thereby laying the groundwork
for progressive updates to procurement laws and regulatory
frameworks. Additionally, academic and industry collaboration with
the Presidential Commission on the Fourth Industrial Revolution
(4IR), established by President Cyril Ramaphosa in his 2018 State of
the Nation Address offers another critical platform for bridging this
gap. Such engagement would facilitate a smoother policy transition,
enabling the construction industry to benefit from digital innovation

while ensuring legal alignment and stakeholder buy-in.

6.3 Strategic realignment of the
technology acceptance model (TAM)

Another theory underpinning the adoption of smart contracts
for project procurement is the Technology Acceptance Model

(TAM) of Davis (1989), further discussed in Liao et al.
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(2022) and David et al. (2022), which emphasizes two key
dimensions: perceived usefulness and perceived ease of use.
However, findings from this research suggest a strategic realignment
of this model in the context of the Construction Industry.
Specifically, the perceived usefulness of smart contracts appears
to play a more pivotal role in driving adoption than perceived ease
of use. While ease of use is traditionally a major consideration,
in this case, it is tied to technical knowledge requirements
particularly blockchain technology applications, which can be
addressed through targeted upskilling. Therefore, to promote
adoption, stakeholder engagement efforts should focus primarily
on communicating the practical benefits and transformative
potential of smart contracts in procurement. Simultaneously,
procurement professionals should be encouraged to pursue
upskilling opportunities, with emphasis on the availability of
simplified tools and templates that can ease the learning curve and
facilitate a smoother transition into smart contract implementation.

7 Policy recommendations

Given the findings of this study and drawing from Rogers’ (2003)
Innovation Diffusion Theory, further corroborated by Sahin’s (2006)
research, which emphasizes that the diffusion of innovation occurs
through communication channels over time within a social system,
the following recommendations are proposed:

7.1 Stakeholder engagement for
developing a green paper on smart
contract adoption in project procurement

A robust stakeholder engagement process is essential to
harness the potential of smart contracts in project procurement
and address the legal challenges highlighted in this study. This
initiative should bring together key players across the construction
industry, supply chain professionals, policymakers, government
ministries responsible for public works and infrastructure,
blockchain developers, and technology and innovation agencies.
This engagement should foster policy dialogues and workshops that
explore the opportunities and cross-functional benefits of smart
contract adoption in project procurement. These discussions will
provide a platform for stakeholders to share insights, perspectives,
and recommendations.

Consequently, the outcome of this stakeholder’s engagement
should lead to the development of a Green Paper, a foundational
document that consolidates stakeholders’ ideas, opinions, and
strategies for adopting smart contracts in the construction industry.
This Green Paper will serve as a precursor to an action-
oriented White Paper, which can provide concrete proposals and
a roadmap for implementation. Ultimately, these efforts will guide
the formulation of comprehensive regulatory guidelines for the
seamless adoption and integration of smart contracts into the
project procurement process in the construction industry. This
stakeholder engagement that leads to the development of a Green
Paper should be led by a trio of the Department of Public Works and
Infrastructures, the Council for Built Environment (CBE), and the
Construction Industry Development Board (CIDB). This is because
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these three government bodies and agencies have the necessary
authority within the construction industry and built environment
to bring about the needed platform and reach for the adoption of
smart contracts.

7.2 Integration of smart contracts into
standard forms of construction contracts

Globally recognized standard forms of construction contracts,
such as the Joint Building Contracts Committee (JBCC),
New Engineering Contract (NEC), International Federation
of Consulting Engineers (FIDIC), and General Conditions of
Contract (GCC), should be adapted to incorporate smart contract
processes. These traditional forms, while instrumental in structuring
construction agreements, have not fully addressed persistent
challenges in procurement, including poor project performance,
cost overruns, contract disputes, time delays, and inefficiencies
in supply chains. The integration of smart contracts into these
frameworks has the potential to revolutionize the procurement
mechanisms within the construction industry. By leveraging the
automation, transparency, and security features of smart contracts,
this adaptation can address the shortcomings of traditional
procurement models, enhance project performance, and ensure
greater reliability in the execution of contractual obligations.
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