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Abstract: Since the advent of the first form of electronic procurement (EP), the procurement process
(i.e., the stages and underlying activities) has evolved to transform the world of commerce signif-
icantly. In the construction industry, EP has revolutionized the operational schema of traditional
procurement and has paved the way for the development, advancement, and application of more
intelligent tools for handling and executing procurement activities of infrastructure-related works.
Although the development or adoption of EP-related tools has not been encouraging due to the
industry’s conservative nature, in this study, we review the evolution and developments of EP to date.
It explores the adoption and implementation strategies of extant and projected EP developments
and develops a conceptual framework to explicate the developmental transitions of EP. While there
are many studies on EP, there is still a long way to transition into a more intelligent execution of
EP-related activities. A total of 64 EP-related manuscripts and other valuable studies were examined
to realize the stipulated objective as well as identify the thematic constructs developed under the
subject matter. The explorations conducted in this study are intended to contribute to the under-
standing of the extant discussion on both EP and smart procurement (SP), their adoption strategies,
implementation, and applications in infrastructure projects. It elucidates the significant constructs
that define and underpin the theoretical implications of EP and SP adoption and implementation.
Lastly, the framework highlights the projected developments and transition phases of EP to intelligent
procurement (IP).

Keywords: electronic procurement; adoption; implementation; green or sustainable procurement;

intelligent procurement

1. Introduction

Public infrastructure spending forms one of the key expenditures on the budget
lists of all global economies, regardless of their economic status [1-3]. As a result, all
governments or public sectors, in one way or the other, engage in public spending through a
structured mechanism known as procurement [1,4]. Government spending, particularly on
infrastructure projects, encapsulates various facilities and projects such as public housing,
civil engineering projects (e.g., dams, bridges, road or transportation networks), energy
infrastructure such as power stations and grids, and information infrastructures such as
communication and Internet lines among other critical public infrastructure [5,6]. Given
that governments forecast and commit enormous amounts of financial and other needful
resources to meet the infrastructure needs of the masses they serve, the processes of getting
these needs realized are revealed to be more complicated than they sound in literature and
reports. Other than the known extraneous anomalies ranging from contractual irregularities
to corrupt practices (such as solicitation, bid-rigging, and patronage that lead to resource
misappropriation, the procurement process is argued to be the most vulnerable process to
corruption globally [7,8].
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None of the activities and stages within the procurement is free from corruption and
other procurement-related irregularities [9]. Out of the 13% to 20% of the global GDP
(estimated at nearly 9.5 trillion US dollars) apportioned to public procurement, the United
Nations estimates about 10% to as high as 25% lost to corruption on an annual basis [10].
However, critical issues surrounding the procurement process that gives room for such
exploitative practices center around transparency, fairness, and accountability, among
other critical indicators [11]. The issues regarding the lack of transparency, fairness, and
accountability that cloud the procurement process have not only been the concerns of
governments but also of private organizations and supranational such as the Organisation
for Economic Co-operation and Development (OECD), World Bank, UN, and IMEF, donors
or financiers that offer loans or grants to support the development of infrastructure-related
projects mostly in developing countries or economies [12-15]. Other leading irregularities
include financial loopholes such as administrative or managerial irregularities, procedural,
compliance, and contractual irregularities [4,8,9]. Such problems, coupled with the other
needful reformations to improve transparency, accountability, expedited deliveries, and
value for money, among other determining factors, led to the design, development, and
implementation of digitalized systems, including the e-procurement system [16]. Not only
have most individual organizations adopted this system as their primary procurement
vehicle, but most governments are also transitioning from the manual approaches of
procurement and adopting the digitalized or e-systems.

Looking at the first form of electronic procurement, which included ERP and EDI,
the systems and platforms for procurement works have evolved massively in the past
decades [17-20]. While some industries and corporations are finding it difficult to catch up
with the ongoing advancements, others have yet to begin the journey as some governments
and institutions, particularly in developing sectors, still resort to the manual approach of
procurement executions and transactions. Technology adoption concerns have been one of
the main issues for the failure of effectively adopting a suitable EP system or platform. It
is not easy to adopt or integrate a new technological system into an ongoing traditional
or conservative process due to the steep learning curve involved. Other barriers such
as the cost involved and short-term losses or opportunity costs that can be incurred as a
result of the transitions have formed part of the reasons behind the pushback attitude that
organizations and governments exhibit against the adoption of new technologies.

In this study, we examine the evolution of e-procurement since its first adoption and
use. Moreover, the adoption mechanisms and their associated barriers are examined across
the various literature. Finally, a conceptual model is developed, taking into consideration
the sustainability features of technology adoption. While it is evident that several studies
have explored the leading indicators of the e-procurement adoptions mechanisms with the
associated barriers, this study collectively organizes all the studies devoted to exploring
e-procurement adoption strategies and barriers. It performs a systematic literature review
of all the gathered manuscripts in terms of the timeline transitions of the EP adoption strate-
gies. Theoretically, this study is structured to deepen the understanding of EP in terms of
their adoption and implementation. Moreover, as a review study, it lays the foundation
for future studies of EP and contributes toward the general scholarship of procurement
management literature by conducting in terms of technological dimensions and advance-
ment of procurement-related activities within the AEC (architectural, engineering, and
construction) sector. This study presents the most up-to-date review on the adoption and
implementation of EP. It captures a generic overview and the extent of research conducted
so far, the existing gaps in the literature, and how the identified gaps can be addressed.
Practically, an adoption EP framework developed and is intended to equip stakeholders
with the required toolkit to construct, implement, and enforce sustainable EP systems and
platforms that are robust enough to facilitate the adoption and implementation of future
EP tools. Even though the framework is developed with the main contextual focus on the
AEC industry, it is generically applicable to all procurement organizations willing to adapt
it to suit their specific needs.
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This study is broken down into five sections. This section (i.e., the introduction
section) introduces the study and presents the aim and objectives of the study, as well as the
contextual focus, implications, and originality of the study. Section 2 presents the study’s
literature review on the evolution of traditional and electronic procurement in addition
to other related factors. Sections 3 and 4 present the study’s methodology and results,
respectively, while Sections 5 and 6 present the study’s discussions (including implications,
recommendations, limitations, and future studies) and conclusions.

2. An Overview of E-Procurement: Definition and Variants

Captured under the generic construct of electronic commerce (EC), electronic procure-
ment (EP) can simply be defined as a business-to-consumer (B2C), business-to-business
(B2B), or a business-to-government (B2G) purchases as well as the sales of goods, services,
works, or supplies [21,22] via the Internet and other networking and information systems.
Such systems include enterprise resource planning (ERP) and electronic data interchange
(EDD) [23,24]. Ref [21] classifies the types of B2B EC under four partitions from the per-
spectives of supplier’s power and the exchange of information, namely e-procurement,
e-marketplace, e-partnerships, and e-distribution. Other studies including [25] discusses
some of these partitions comprehensively. According to [26], there are three generic key
stages in an e-commerce transaction. They are (1) product information marketing and
procurement, (2) exchange of legally binding documents, and (3) electronic payment. These
stages somewhat sum up the overall process in a given transaction. Analogous to these
stages presented by [26], other studies [27,28] present the stages in terms of their contractual
arrangements such as precontract stage, contract stage, contract administration stage, and
postcontract stage. These categories are more likely to be identified with infrastructure-
related projects [5,29]. Thus, in project resource acquisition, EP from the perspective of EC
can be defined as an Internet-based business process employed to source goods, materials,
and services and manage their inflow into the organization following the aforementioned
contractual stages [24]. However, the United Nations Global Marketplace [30] refers to EP
as the use of electronic data to facilitate the strategic, tactical, and operational process of
procurement. While the term may be argued to have been coined after the establishment
of the Internet in the 1990s, its associated operations and process have been around for
quite an appreciable amount of time, dating back to the 1960s before the introduction of the
Internet. Within the period of the 1960s to 1990s, EP often took the form of EDI (i.e., elec-
tronic data exchange) [19,30]. The developmental process of e-procurement technologies in
relation to time is presented in Figure 1.

Intemet-based systems for
traditional procurement such
as procurement websites and

emails

Electronic-based systems for
—— traditional procurement in the ————»
form of EDI and ERP

Evolution of E-Procurement Platforms

What next? Intelligent/Self

Internet-based c omplementary Intemet-based replac ement .
learning/Smart procurement
procurement systems such as systems such as automated
| — . | E— systems for complex
web-based EDI. e-catalogues. stock replenishment, fully . .
. . procurement decision making
and online databases functional e-market

and contractual automation

Figure 1. Evolution of EP (adapted from The United Nations Global Marketplace (UNAM) (2012)).
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It is evident from Figure 1 that the longitudinal transition of manual execution of
procurement-related activities to more digitalized formats has not only been sturdily pro-
gressive but has also stimulated the development of even more sophisticated procurement-
related tools to facilitate the digital transformation of firms and statutory institutions across
the world. Even though digitalization of the EP stages and associated activities have been
evolving to increase efficiency, productivity, timely execution, and increased value, it must
be emphasized that the activities captured under the stages tend to be somewhat similar
regardless of the procurement method or system adopted. For instance, all procurement-
related processes encapsulated generic tasks such as defining the requirements of what
needs to be procured, selecting a suitable source or supplier, entering into a contractual
agreement, fulfilling obligations on the part of each party, and closing out the contract.

The Project Management Institute (PMI) captures all the related activities under three
fundamental components, namely (1) plan procurement management, (2) execution pro-
curement, and (3) control procurement [31]. However, given some influencing factors such
as the adopting an appropriate tendering procedure for different project types, project
delivery method, price formation method contractual conditions, and the expectations of
the contractual parties or any external financiers involved, several procurement systems or
methods have been developed to suit the specific needs and demands of a project [28,32,33].
Moreover, since project procurement encapsulates the process of purchasing or acquiring
products, goods, services, or works that are needed from outside the project team [31],
managing project procurement-related activities requires the administration and control
mechanisms needed to develop or establish and execute agreements including purchase
orders contracts, MOA (i.e., memoranda of agreements). This also may influence the choice
of an appropriate procurement system in addition to an existing well-calculated strategy
to execute the process and the assessment of any potential risks or irregularities [17,34].
Failing to select an appropriate system for a specific project can, therefore, result in time
and cost overruns, as well as poor quality delivery [35]. Among these systems include
fixed-price contracting, total package options, design and construct, and on-call contracting,
among several others [28,29,36].

E-Procurement Process

Knudsen also connoted that the procurement process can be captured under six
different stages, namely e-sourcing, e-tendering, e-informing, e-MRO (maintenance, repair,
and operating materials), ERP (enterprise resource planning) and e-collaboration [19]. In
addition, other studies such as [37] include other variants of e-based models, including
e-Site and e-Quality. Since there is no standardized or recognized framework that presents
all the variants under a single source, it is often challenging to ascertain all the existing
EP variants employed to facilitate the activities captured under the entire e-procurement
process. This said, it must, however, be noted that EP is best viewed broadly as an end-to-
end solution, which integrates and streamlines many procurement-related tasks or activities
throughout an organization [38,39]. The end-to-end process often captures the generic
stages and activities mentioned in the previous section. Refs [40,41] delineate the stages
into seven distinctive activities: prequalification and registration, public invitation, tender
submission, close tender, tender evaluation, tender awards, and archiving.

The United Nations also presented two main phases in the EP process, namely the
pre-award phase, which encapsulated e-Notification; e-Submission; e-Evaluation; and e-
Awarding; and the post-award phase consisting of activities such as e-Ordering; e-Invoicing;
and e-Payment [42]. Each activity in these two phases can be executed using a wide range of
EC communication media and EP technologies and tools [43,44]. Costa and Grilo presented
a multiple-staged process that encapsulated ten activities captured under the procure-
ment process [38]. In sequential order, the stages include ex-ante e-evaluation, e-noticing,
e-submission, e-decision, e-award, e-ordering, e-invoicing, e-payment, e-contract man-
agement, and ex-post e-evaluation. All the mentioned activities are common in the cited
references and represent the earlier generic activities, even though some stages may capture
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more or fewer activities depending on the procurement system. A comprehensive concep-
tual framework representing the order of the e-procurement stages and activities in relation
to the traditional activities is presented later in the study. The adoption, development,
and application of e-procurement techniques and its other variants, including e-sourcing,
e-auction, and e-informing, are noted to be highly advantageous over the paper-based or
manual procurement approach. The benefits range from the elimination of paperwork and
paper advertisement (a positive contributor to sustainability in terms of environmental pro-
tection), increased productivity and transaction speed, relatively economical, transparent
spending, regulated purchases, and limited errors and mitigating the inception and spread
of corrupt-related activities and the savings in transaction cost and time within the supply
chain process [45-47]. These can be classified as the primary benefits of e-procurement com-
pared to the traditional or manual approaches in handling the task or activities involved in
procurement-related services.

In addition to the mentioned benefits, e-procurement helps procurement agencies ef-
fectively plan and budget to avoid rogue spending, helping save money. Moreover, it helps
collect procurement-related data to inform future decision making and facilitate or help
automate some of the related activities and streamline business processes. The solicitation
of data can also help identify the stages or specific activities of the procurement process that
are vulnerable to both procurement and contractual irregularities. The ability to identify
such irregularities (for example, administrative-specific irregularities, compliance-specific
irregularities, procedural-specific irregularities, contract monitoring-specific irregularities)
can augment or facilitate the development of effective proactive measures to prevent such
irregularities or extirpate their occurrence and impacts once identified. Thus, the data can
help prevent or reduce critical procurement challenges. They can also help create or carve
more innovative streamlined processes and an intelligent economic and sustainable path
for organizations or public procurement agencies. Lastly, e-procurement is identified as
one of the critical initiatives that enhance or facilitate communication among project team
members [23].

3. Methodology

As highlighted earlier, this study aimed to investigate the evolution of procurement
systems and platforms, particularly the advent of e-procurement and its adoption strategies.
Given that this study is intended to conduct a thorough systematic literature review (SLR),
there is the need to select an appropriate approach or techniques to facilitate the review
process. Thus, following a preliminary literature review to identify the research gap and
establish the study’s aims and objectives, a structured plan to identify relevant documents,
select appropriate analytical tools, extract and analyze relevant information, discuss, and
draw practical direction is developed and presented in the succeeding sections. Prior
to the commencement of any research project, it is necessary for researchers to acquaint
themselves with the extant theories surrounding the subject matter to be explored and
critical to identifying relevant gaps highlighted or missing in the literature [48,49]. This
will help the researcher to ask the right research questions and facilitate the establishment
of the research aim and objectives. This is often termed as preliminary literature review
stage (PLR).

The PLR provides the researcher with the idea of the study’s topic and other tentative
structures of the study background and problem statement [50]. However, it must be em-
phasized that the PLR is not supposed to be confused for the main literature review, which
sets the foundation for the entire study and informs the study’s methodology structure,
including the research paradigm, data solicitation, and analysis. In this study, the PLR
facilitated or contributed to the identification of the study’s gap, which then led to the
development of the study’s aim and objectives. In performing the PLR, several themes
around the adoption of procurement systems were identified. However, the consistent
theme that was missing was how the identified platforms used in different contexts re-
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mained sustainable throughout their evolution. These observations were further solidified
at the main LR phase.

3.1. Structured Literature Review (SLR)

The SLR followed the identification of the gap and establishment of the study ob-
jectives. This study aims to conduct a detailed and structured literature review on how
e-procurement has evolved to this present technological age focusing on the adoption
strategies in relation to its evolution. The SLR, which often takes the form including bib-
liometric, scientometric, and content reviews, among other forms, has been identified to
be a powerful research approach for investigating both past and present theories, epis-
temological stances of theoretical underpinnings, hypotheses, and the foundations for
the development of conceptual theories and frameworks [50,51]. It has been applied to
investigate several topical issues and constructs discussed in the construction and project
management scholarship domain to extend the knowledge of several subject matters within
the field. The SLR follows a well-established process that commences with a search of
relevant and related manuscripts in the world-established academic database, including
Web of Science, Google Scholar, Microsoft Academic, and Scopus. As this study follows or
adopts the SLR technique to investigate and evaluate the evolution and adoption strategies
of the procurement system and platforms, the various stages of the SLR as applied in the
study are presented in the subsequent sections.

3.2. Identification of Relevant Studies; Database Selection (Inclusion and Exclusion Criteria)

As highlighted in the previous section, prior to commencing a search of the relevant
documents on a specific topic, it is needful to settle on or select an appropriate academic
database to help identify the related documents. The popular academic database includes
Google Scholar, Microsoft Academic, Scopus, Web of Science, PubMed, and other databases
or repositories of related publishers or journals, including Elsevier, ASCE, Emerald, and
Sage. Among all the mentioned sources, Scopus was identified as the most preferred
database as it has been described as arguably the most powerful database with the relatively
highest number of indexed academic documents. Per the views of [52], it is necessary to
consider multiple data sources in conducting an SLR study in order to retrieve as many
publications as possible. However, due to the need to avoid double counting or retrieval
of the same manuscript across multiple platforms (which can lead to the daunting task of
discarding repeated publications), this study resorted to the use of only Scopus academic
repository to retrieve all the related manuscripts for further investigation. Thus, owing to
the advantage of adopting Scopus, as highlighted earlier, additional justifications for using
Scopus included the coverage of wide scholarly publications and its comparatively faster
indexing process, which enhances the chances of retrieving more extant manuscripts as
compared to the other sources [50]. As a result, it has been widely employed as the number
one go-to database for most construction management-related studies [50]. This stage
proceeded with the keying in the required keywords into the Title/ Abstract/Keywords
search engine of the Scopus web portal. The terms electronic procurement or e-procurement
and construction were used to begin the search to ascertain the required publications on the
subject matter. These generic keywords were used in order to retrieve as many manuscripts
as possible. The initial search resulted in a search output of 117 documents. However, the
search results were refined to arrive at only the manuscript or papers that we relevant for
this review. Thus, after the retrieval of the initial output, the search parameters were limited
to journal publications only, made up of articles and review documents (for the document
types section) and English (for the language section). No other refining parameters were
established. After the refinement, a total of 74 documents were maintained out of the
117 papers. The final code for arriving advert 74 search results is presented below:

1.  Initial Search Code: TITLE-ABS-KEY (“smart procurement” OR “electronic procure-
ment” OR “e-procurement” AND “construction”) = 117 document results
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2. Second Search Code: TITLE-ABS-KEY (“smart procurement” OR “electronic procurement”
OR “e-procurement” AND “construction”) AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-
TO (DOCTYPE, “re”)) AND (LIMIT-TO (LANGUAGE, “English”)) = 74 document results
3. Final Documents after manual reading = 64 documents

The last stage, known as the sieving stage, is regarded as one of the most critical of
all the stages as it is the stage where further trimming is done by reading through the
remaining manuscripts manually. The sieving is done by manually reading through the
retrieved manuscripts to ascertain whether they align with the topic under study. As a
result, after completing a deep scan of all the 74 papers, a total of 64 or outputs were
left. As the topical scope of this review study centered on e-procurement adoption in
construction-related works, a total of 10 papers were discarded out of the 74 to arrive at the
final output of 64.

4. Data Analysis

Following a hybrid-metric review, this manuscript adopted the bibliometric, sciento-
metric, thematic, and content analysis techniques to examine the data retrieved from all
the 64 manuscripts. Bibliometric contents explored included time-series analysis of the
manuscripts (i.e., the number of manuscripts published annually on the subject matter)
as well as the number of publications from contributing countries, journals, and authors.
Moreover, the scientometric aspect of the exploration included keyword citation bursts,
collaborations of contributors including authors, institutions, countries, etc. The thematic
analysis was employed to identify, analyze, codify, and interpret patterns or common
themes throughout the reviewed manuscripts. Thus, this technique is applied to this study
to codify and thematic the various adoption strategies into their respective constructs.
Lastly, the content analysis approach was used to discuss the constructs developed in this
study. The succeeding section introduces the various techniques adopted.

4.1. Timeline Series Analysis and Technological Trends

While the evolution of EPs and associated platforms have been promising with the
significant developments and updates over the past decades, classical scholarship devoted
to the study and research contribution on its related subject matter has been the opposite.
From Figure 2, not only has the academic contribution on the subject matter been sporadic
with the periodic rise and falls but also been unencouraging until the past two years. Even
though according to [30] the concept and adoption of EP systems commenced in the 1960s.
It skyrocketed in the era of the Internet, which is evident from the annual publication trend
that scholarly attention on EP in construction began in early 2000. Thus, while scholarly
attention is noted to be relatively recent, the contribution on the subject matter has not
been encouraging in general, with the exception of the past two years that recorded the
highest number of eight apiece in both 2019 and 2020. This situation contributes to the
debate on why the construction industry is one of the secondary industries that are yet to
be deeply explored and adopt the full scale of the EP and associated variants. Moreover,
it also demonstrates the pattern of the industry’s conservative nature and how slow it is
when it comes to the industry’s adoption, digitalization, or digital transformation [44,53,54].
Issues like these raise concerns regarding why it tends to be somewhat difficult for the
construction industry to embrace or adopt new cutting-edge technologies.
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In general, there was a total output of 64 related manuscripts in the past two decades
averaging approximately three manuscripts per year over the past 20 years. However,
from Figure 2, the annual publications are not evenly spread. While some years recorded
relatively higher output, such as 2010, 2014, 2015, 2017, 2019, and 2020 with at least five
published manuscripts, other years, such as 2004, 2007, and 2009, recorded as low outputs
as zeros and ones. Overall, even though the past two years (i.e., 2019 and 2020) did record
a relatively higher output compared to the previous years, a valid question that can be
raised is whether the current rise is sustainable. Following the recent surge in the number
of publications, it must be emphasized that there have been several topics discussed or
explored in different studies, as presented in Figure 3. The figure, therefore, illustrates the
leading constructs of EP research examined over the course of the publication period. As a
result, Figure 3 reveals the need to focus on EP mainstream issues, not only limited to the
adoption strategies discussed in the study but also trending and upcoming topics such as
the development and application of intelligent tools and techniques such as deep learning
and cloud computing within the operational processes of procurement-related activities,
especially for large-scale infrastructure-related projects.

Similar to the manual-based activities involved in the procurement process, the pro-
curement process comprises related activities that have evolved to incorporate the appli-
cation of some of the extant sophisticated tools or technologies for their execution. Each
activity within the process may employ a specialized tool for its respective execution or
operation. For instance, ref [6] used the genetic algorithm to estimate an optimum schedule
for an EPC project (i.e., engineering procurement construction). Other leading tools or
techniques employed range from case-based reasoning [55] to artificial neural networks
(ANN) [56]. Through the application of some of these approaches, there have been other
innovation systems implemented to automate or digitalize some of the individual tasks
such as appending of digital signatures and complex cryptographic security features as
well as other web-based applications such as online auction and reverse auction, etc. [23].
The intensity or focus attributed to these key areas and other significant areas are presented
in the keyword heatmap in Figure 4.
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4.2. Countries’ Contributions and Citations

Figure 5 presents two critical pieces of information. The first is the country-specific
contribution and focus on e-procurement-related studies. Second, it presents the citation
of the document per country. Beginning with the contribution data (presented on the left
hand of the graph), twenty-seven countries were identified to have published at least one
manuscript on the subject matter. Among these 27 countries, only six regions published
a minimum of five manuscripts. They are Australia, Hong Kong, Malaysia, Nigeria,
the United States, and the United Kingdom. However, regarding the impact of these
manuscripts, which is measured by the citation index (right side of the graph), it was
realized that even though countries such as Sweden did not record as high output as the
case of the six countries mentioned previously, the publication(s) that came from such
contexts recorded an exceptional publication impact of more than 100 citations.

Countries and Number of Citations
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Figure 5. Manuscripts distributions per countries; Source: authors’ computation. Note: Left Y-
axis shows publication number per countries; right Y-axis shows publication number citations

per countries.
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The United Kingdom and Australia were the only two countries with a minimum of
five publications output coupled minimum impact of 100 citations. Spanning the output
over the number of years explored (i.e., from 2000 to 2020), it was evident that publications
on the subject matter, particularly regarding the contributions from both the represented
countries as well as the unrepresented countries, has not been encouraging; thus, we
recommend more scholarly devotion on the subject matter.

4.3. E-Procurement Process and Related Activities

The traditional procurement process, which serves as the foundation or first principle
of the e-procurement process, is noted to encapsulate several activities that are often
captured under four main contractual phases, namely the precontract stage, contract
stage, contract administration stage, and post-contract stage [27,28]. While the activities
captured under these contractual contracts may exist independently, they are interlinked
and flow in sequential order, meaning the activities are executed in a systematic format
following a contractual arrangement. However, it must be emphasized that they may
differ in terms of number and order (position) based on the procurement system strategy
or procedure in use. Thus, from the traditional procurement method to single staged
or two-stage design and build method or management contract, adopting any of the
methods depends on several factors, including allowable time for delivery, budget, project
uniqueness, and specifications.

It must be emphasized that EP is not a form, type, or method of procurement but
rather the execution of any of the mentioned forms or methods of procurement over a
network system such as ERP or EDI and the Internet [17]. Thus, the generalizability
of the term e-procurement may not be applicable to all be related activities of the pro-
curement process but rather specific activities that can be executed over the Internet or
other network system. Moreover, whereas some of the e-activities within the procurement
process may be automated, others may be manually executed over the Internet or the
network system in use. As a result, not all activities are electronically executed, from
project requirement definition at the precontract stage to ensuring accurate and complete
file documentation. Not all activities are automated or can be automated. This point is
worth noting since e-procurement in construction and infrastructure-related activities is
not the same as other sectors. Even though not all activities in the procurement process of
construction-related works are electronically executed, the ones conducted online or over
a network system have been identified to add significant value to the entire process and
related projects. From the specific activities captured under the procurement process to
other general procurement-related activities, some of the e-activities under the PP include
e-advertisement, e-sourcing, e-tendering/e-bidding, e-invoicing, e-auction, and reverse
auction and e-reporting, among others [11,23,57-60] etc. Other general related activities
include e-informing, e-catalog, and e-valuation, among other electronic execution-related
activities [18,61]. It must be emphasized that while the different variants perform indepen-
dent and unique functions, they do not belong to a specific procurement system but are
rather applicable to almost all the procurement systems, especially in terms of the activities
captured under the procurement process.

4.4. Procurement and Contractual Irregularities: The E-Tendering Process

Albeit the procurement process encapsulates a wide range of stages and their associ-
ated activities, the tendering stage with its related activities is often viewed as the most
critical stage or the most vital phase in the lifespan of a construction project as it comprises
of the activities that lead to the selection of the successful bidder to execute the construction
works within a stipulated timeframe based on an acceptable offer [62—-64]. Tendering allows
several contractors to compete for the same project. Onur, Ozcan and Tas revealed that
increasing the number of bidders by just a single participant could result in an, on average,
lead to a 3.9% decrease in procurement price, contributing to cost savings [65]. Moreover,
it carries additional benefits to the overall procurement process, such as lesser time of
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transactions, wider geographical reach, greater transparency, and better pricing [66]. Other
than the noted benefits or contributions of the tendering stage, the activities captured under
this stage have been identified as one of the most vulnerable stages to procurement and
contractual irregularities such as corruption [8,9,27].

Thus, even though the tendering procedure as a system was implemented to award
public contracts in the fairest means [67], the process has yet been exploited owing to both
internal and external loopholes such as lack of consistent monitoring and review of pro-
curement activities, payment for uncompleted works and the lack of adequate supervisory
control over procurement transactions and management among other irregularities [27].
Per the study of [67], the activities captured under the e-procurement system include
prequalification and registration, public invitation, tender submission, tender closure, eval-
uation of tenders, tender award, and archiving. Whereas these activities may be executed
online, they are mostly influenced by human decisions and bias and, as such, often tends
to eliminate the same reason of fairness the tendering system was created. As such, corrupt
practices, including the unfair award of contracts, collusion, and other related irregularities,
are prevalent within the procurement stages and underlying activities.

4.5. E-Procurement Technology Adoption

Technology adoption (TA) refers to the willingness and capacity to accept, integrate,
and use either an extant or new technology in a given or specific context [68]. It must there-
fore be emphasized that adoption is a process or series of activities and not a sudden event
or procedure [69,70]. Moreover, regardless of the procedural extent or timeframe of the
adoption process, it must be emphasized that the adoption process requires the customer’s
readiness to use or apply the technology for the function it was created [20,62,68,71].

The construction industry remains one of the most conservative sectors globally in
terms of technology adoption, and this trait extends to the adoption of e-procurement [72].
Thus, unlike other sectors, including manufacturing, retail, and banking, that have adopted
and harnessed e-procurement to an appreciable extent, the construction sector is yet to see
the benefits of full-scale adoption [20]. However, [26] indicated that based on the success
rates enjoyed by the other mentioned industries, there is a substantial potential for the
AEC industry to have similar benefits, and this submission has been gradually manifesting
within the AEC industry. Even though this statement was made more than a decade
ago, the adoption rate has not seen any drastic improvement, which further confirms the
industry’s conservative nature. This scenario is often attributed to the readiness of the
sector to adopt EP [62,71,73,74].

4.6. EP Adoption Models and Associated Success Factors

It was evident from the selected documents for this review that more than 50% of the
retrieved manuscripts examined, commented, or highlighted on the subject of EP adoption,
making it one of the most examined constructs within the EP scholarship see [75-77]. To
adopt simply means to take up. Thus, it connotes the process of taking up or using EP-
related tools to facilitate the procurement of goods, works, and services. Similar to the
adoption of any innovation, any new technology within the AEC domain is also influenced
by the several indicators defined under different adoption models, including reasoned
action theory, planned behavior theory, social cognitive theory, and extant theories. All
these theories have been developed to shape or influence how any new technology or
innovation is accepted or rejected in any given context [78]. Some of the common mea-
surement items running through the constructs of the identified models include perceived
usefulness (relative advantage) and ease of use (or level of complexity), trial ability and
actual use, performance and effort expectancy, compatibility, and social and organizational
influence [69,78-80].

Other relevant studies on EP adoption regarding significant issues such as the user ex-
periences on EP platforms and supplier’s perspectives have been conducted by [57,81-83].
For instance, inferring from the study of [84,85] the two end-to-end spectrums of e-
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procurement adoption encapsulates initial adoption (microscale) and institutionalization
(macroscale). The factors that influence the adoption were examined by the same authors
with the role governments play in the adoption process (from the perspectives of regulatory
and legal infrastructure, leadership, knowledge and socioeconomic infrastructure, and
information and technology infrastructure) having the most significant impact on the entire
process [84,85]. It finds that the role of government plays a critical role in influencing a
decision of initial adoption of e-procurement in construction firms through information and
technology infrastructure (ITI), socioeconomic and knowledge infrastructure, government
leadership, and legal and regulatory infrastructure. These measurement items, in addition
to other existing ones, do not only define how any newly developed technology can be
accepted and used but also define the readiness of the user’s adoption of the technology.
Studies that have explored e-readiness or the readiness of industries and institutions for
e-procurement adoption include [20,62,71,73]. It is obvious that the full potential of e-
procurement has not been deployed yet, particularly by firms and institutions within the
AEC domain, primarily due to the measurement items delineated above. This situation may
be argued to be worse in the developing context. As it is noted that most firms” employers
adopted procurement technology at the entry level rather than an integrated or deeper
level. Thus, according to [84,85], the level at which a more sophisticated e-procurement
technology is applied or employed is significantly low and does not correspond to the
development of the e-business infrastructure.

This calls for the review of how the measurement items can be regulated to facilitate
EP adoption and how institutional policies can be revamped to facilitate the readiness
of EP adoption by firms. Other than the drivers noted as the leading push factors pro-
moting the adoption, implementation, and enforcement of EP in different jurisdictions
and contexts, other notable variables identified as success factors are also identified to
contribute to the successful adoption and application of EPs in executing infrastructure-
related projects [39,86-88]. Among the top success factors include fast and reliable Internet
service and ICT infrastructure, skilled or trained personnel to handle EP-related processes
and issues, extensive knowledge domain, and awareness of EP applications, among sev-
eral others. Categorical constructs developed to encapsulate the extant success factors
include technological factors, organizational factors (administrative support for physical
and knowledge infrastructure), human factors, and statutory factors (required policies, stan-
dardizations, and regulations for facilitating EP development, adoption, implementation,
and use) [86,87].

4.7. EP Implementation: Boosters and Barriers

Analogous to the driving indicators of EP and the related critical success factors,
studies including [89-91] also examined the underlying factors that contribute to the suc-
cessful adoption and implementation of EP. The factors were captured under two primary
frameworks: (1) implementation success framework for project management success and
(2) user satisfaction. Refs [48,50] identical factors were identified under the two spectrums,
respectively. These variables were further condensed into common-themed clusters. For
the 47 variables captured under the project management success, 8 thematic constructs
were developed to group the variables with identifiable themes. Five of these constructs
were identified to contribute to the success: project team planning, stakeholder involve-
ment, change management, technical outsourcing, and effective organizational policy and
strategic plan. The remaining three were business process innovation and external collabo-
ration, organizational learning, and relationship development. Similar thematic clusters
were developed for the user satisfaction construct. However, only three out of the eight
contributed to the overall satisfaction, and they included change management, technical
outsourcing, and effective organizational policy and strategic plan. To date, this is consid-
ered one of the most up-to-date reviews and empirical assessments on EP implementation
success. Further studies, particularly on the implementation success of smart or Al-driven
procurement tools in both established and emerging contexts and institutions, are encour-
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aged to be conducted. This is owed to regulatory and legal complexities associated with
some of these emerging tools, such as smart contracts, in terms of their mode of operations
and applications.

On the flip side, there are also a couple of challenges associated with the implemen-
tation process or affect the implementation success. Thus, even though the EP adoption
success in several jurisdictions is propelled by most of the variables mentioned, it must
also be emphasized that other than the identified EP adoption promoting factors, there are
also some shortcomings (termed as barriers in some studies) that also limit the adoption of
EP. Among these factors included the lack of standardization or benchmark for new firms
to follow in adopting any EP related tool, the limited or lack of confidence surrounding the
security and legal stipulations of EP, limited or lack of policies guiding the development,
adoption, enforcement, and application of EPs among several others [26,92]. Rankin, Chen
and Christian, listed several key technical and organizational challenges associated with
e-procurement adoption and implementation, which were primarily centered on the themes
including security, authentication, standards, and integration (in terms of the technical
themes) and capability, responsibility, ownership, and cost appropriation (in terms of the
organizational themes) [26]. Thus, for EP to be successfully implemented, a framework
that addresses some of these critical concerns is needed. This will facilitate the successful
implementation of the existing EP tools and associated variants and prepare the industry
for the future of procurement, which is projected to be highly intelligent and complex.

4.8. Introducing the Future of Procurement

Other than all the highlighted benefits of EP, it is believed that the most ground-
breaking benefits of EP are still ahead as auxiliary Al tools to facilitate the augmentation
continue to get sophisticated and able to execute imaginably impossible tasks a few years
ago. For instance, with the emergence of smart contracts and deep learning, it is now
relatively easier to develop an all-in-one procurement platform that can automate almost
all the related activities captured under the procurement process and execute related legal
contracts automatically without the need for any manual input or third party assistance.
This will contribute to the benefits listed above in terms of saving cost and time and create
room and the foundation for related stakeholders and scholars to invest the saved resources
to develop even more innovative and sustainable approaches that will enable the adoption
and application in a broader context. Additionally, other associated benefits include trust,
transparency, security, and facilitating contractual dispute. Compared to the other evolved
forms or transitions of the various procurement tools such as EDI and EP, SP has not
only been envisioned to provide enormous benefits stores the various activities and stages
within the procurement process but has also provided opportunities that merge the benefits
or the advantages of the tools employed to facilitate SP as well as the inheritance benefits
of the procurement systems or strategies.

EP platforms discussed in most studies are often presented as standalone constructs
or integrated with BIM [38]. However, recent developments in EP go beyond the confines
of BIM to incorporate or make use of wide-ranging technologies, including blockchain and
artificial intelligence. For instance, in the pursuit of developing a roadmap for banking sys-
tems in the fourth industrial era, ref [93] pointed out some of the critical indicators that can
also be termed as inherent merits of the fourth generation banking. They include modular
banking, omnichannel banking, blockchain-enabled banking, social media banking, smart
banking, and open banking. Similar developments in different fields, including manufactur-
ing and other public sector-related enterprises, are underway since there are technological
capabilities to facilitate such developments and the technical support to maintain them.
Thus, in the wake of developing more sophisticated and efficiency-driven platforms, pri-
mary emphasis is placed on building a more secured, transparent, immutable, self-learning,
and automated platform with leading tools including intelligent contracts, neural networks,
fuzzy synthetic evaluation, among other Al-driven tools [10,50,94]. Projected solutions
making use of the current technological developments are required to develop an overarch-
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ing framework intended to close the e-procurement loop (i.e., capture the start to finish of
the EP loop) and support all the stages and the underlying activities of the EP process (e.g.,
permit applications, insurance, financial audits, ancillary services of bonds, and contractual
amendments). These can be achieved by realizing that the implementation and adoption or
use of new technologies involves the automation, rationalization, or re-engineering of the
various activities captured under the EP process, including the tender process [26].

Figure 6 presents the overall generic development phases of the procurement execution
tools and techniques to the projected future developments and applications. As highlighted
earlier, the development of the procurement tools has been notable, particularly in sectors
including manufacturing and finance. In the construction industry and the AEC sector in
general, the developments are still in progress and mostly centered on some of the specific
EP-related activities with new focus and green and sustainable procurement development.
The current push for more focus on GP or SP falls in line with the United Nations sustainable
development goals, which aims to boost the economic performances of the various sectors
of an economy, reduce the adverse impact on the environment, and advance the course of
social development.

Moreover, as hinted earlier, the TP activities form the underlying foundations for most
EP developments. For instance, an advertisement in the newspapers in TP becomes an
e-advertisement on the EP network. Thus, going through the process of digitization and
digitalization to transform some of the TP activities as well as the digital transformation to
transform some of the processes such as tendering evolving into E-tendering. There has
been a growing consensus on the focus and development of the SP/GP-related literature.
Along these lines, some of the benefits identified include encouraging sustainable land use
and ecological enhancement and creating a robust and productivity-driven industry that
contributes enormously to boosting the economy by creating more avenues that reduce un-
employment and increase GDP. Whereas there has been a limited progressive effort towards
the first two leading constructs that is EP and SP/GP, there is an infinitesimal contribution
towards intelligent procurement and its related systems within the AEC domain, if any.
As a result, extracting the activities captured under the EP and GP with the associated
influencing factors, this study employed the thematic technique to develop the construct
labeled smart or intelligent procurement (IP) [95,96]. Thus, from the precontract phase of a
given project to the contract closeout, the five themes developed follow a similar naming
structure of both TP and EP and they are: (1) [—Sourcing (which encapsulates activities
commencing from the preliminary/precontract activities through to the advertisement
and invitation to tender); (2) I—Evaluation and Award (which encapsulates the activities
capturing the automated evaluation of the submitted bids, intelligently award the contract
to the most suitable contractor and any all associated tasks); (3) [—Contract Administration
(encapsulating the dynamic and intelligent supervision of projects, automated contract ver-
ification and payment, smart risk or irregularity assessment and reporting); (4) [—Contract
Closeout (consisting of activities captured under the final contractual stages and contract
close out as well as post contract activities) and finally a new construct or stage labeled
I-Archiving and Transfer (which consists of the activities leading to capturing and storing
all project-related data and information to a database system: used to train the Al-enabled
models across the various stages or channels to make the process more intelligent.
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4.9. Implications of E-Procurement on Sustainability

It is imperative to mention that the introduction of e-procurement did not only come
to expedite the traditional procurement process but also contributed to the fundamental
constructs of sustainability, including environmental, economic, and social. A number of
studies have been conducted on these two constructs, typically focusing on sustainable
procurement and e-procurement see [28,97-100], among several others in different sectors
and countries. However, this section does not only explicate how sustainability influences
the selection of choices of goods works and services to be procured but also how the
introduction and application of e-procurement directly or indirectly contribute to the
generic goals of sustainability.

Yu, Yevu and Nani, reviewed and examined the underlying indicators of EP and
SP, intending to develop an integrated framework to facilitate the promotion of the two
constructs [100]. While the two constructs (i.e., EP and SP) are distinctive in nature and
attributes, they share some fundamental features that directly or indirectly contribute to
economic growth, environmental protection, and social development. In this context, we
agree with the school of thought that SP is an upgraded transition of EP. Whereas EP
focuses on the digitalization prospects and transformation of the manual approaches of the
procurement-related activities, sustainable procurement incorporates not only the digital-
ization of the processes to expedite the process and produce the already-mentioned benefits
but also focuses primarily on contributing to stipulated global conservation principles
(i.e., environmental protection) as well as contributing to the economic growth and social
development of a given context. Thus, in terms of contributing to environmental protection,
the procurement of goods, works, and services must not cause an adverse impact on the
environment but rather contribute to sustaining it. A typical example is the savings on
paper, as e-procurement is predominantly a paperless process (or less use of paperwork).

The generic theoretical development of procurement is therefore argued to commence
with (1) the manual approach of executing procurement works, (2) transition to electronic
procurement, (3) sustainable procurement, and (4) intelligent procurement. The final phase
(i.e., intelligent or smart procurement) is argued to be the culmination of the preceding three
phases. In other words, we argue that for a procurement system to be intelligent, it does not
only need to possess the trait of self-learning and self-execution of complex transactions but
must also execute those transactions in a more sustainable manner, as well as contribute to
both economic growth and social development. Missing any of these integral constructs
disqualifies the process from being smart or intelligent. As the foundational study towards
the theoretical developments of intelligent (smart) procurement, this study is intended
to trigger more constructive discussions towards the development of smart procurement
literature and therefore advocates for greater attention in this regard.

5. Limitations and Future Studies

As a systematic review study, this paper focused mainly on the evolution and adoption
of the various electronic systems and platforms for executing procurement-related works.
Given that no empirical survey or assessment was conducted in this study other than
the bibliometric and scientometric analysis, future studies can empirically examine the
adoption and implementation strategies using case-specific data in different contexts.
Moreover, it must be emphasized that there are tons of other thematic constructs developed
or captured under the subject of EP from which this study focused on two of them (i.e.,
adoption and implementation strategies of EP and embracing the future of EP) due to the
allotted page limit and word count. This study, therefore, does not cover all the various
thematic clusters developed under EP. As a result, there are several other topics under EP
that have not been reviewed yet. This calls for further review into other thematic areas
of EP, their impact on organizational productivity, and the three underlying features of
sustainability (i.e., economic growth, social development, and environmental protection).

Moreover, future studies can further explore the theoretical and practical under-
pinnings of the theoreticized intelligent procurement and its impact on the AEC sector,
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considering examining its adoption and implementation strategies. Since the framework
developed in this study can best be described as theoretical, it is necessary to examine and
ascertain its validity in future works. It is also vital to consider how further developments
and associated policies of e-procurement can be translated into practice [101] and how they
can also improve transparent governance and curb corruption [102,103]. Lastly, further
empirical examinations on effective application of the adoption framework in different
contexts are needed to enable such contexts to adapt and apply the framework to suit their
specific needs.

6. Conclusions

The advent of electronic procurement (e-procurement) revolutionized the operational
schema of traditional procurement, which used the manual approach in procuring the
goods, works, and services of construction other infrastructure-related projects within the
AEC sector. Analogous to the transitions of procurement transactions that have taken place
over the past decades, it is not far from right to posit that the mode of executing procurement
activities, including its systems and platforms, will continue to evolve as projects become
more complex in terms of size, contractual arrangements, and other processes. This
study investigated the evolution and transitional paradigms of procurement within the
AEC industry, focusing on the sustainable adoption strategies of electronic systems and
platforms. Given the nature of this review study, the notable bibliographic showed that
research devotion has not been encouraging until the last two years.

Moreover, contributions on the subject matter are mostly dominated by Australia,
Hong Kong, Malaysia, Nigeria, the UK, and the US, even though the outputs from these
countries in terms of numbers are not encouraging. A framework demonstrating the
developmental phases of EP to IP was developed to shed more light on the evolution of
the procurement-related tools and processes and the identified gaps or areas in need of
further development. Thus, not only does this study contributes to the extension of the
knowledge base of the subject matter of e-procurement, but the framework developed also
serves as a relevant source of valuable information for further studies. Finally, just as there
was the need for the transformation of switching from the manual approach of handling
the procurement activities of infrastructure-related works to e-procurement, the inevitable
transition of e-procurement tools and processes to a more advanced, smart, automated, and
sustainable of handling and executing the procurement activities of infrastructure-related
projects cannot be overemphasized. Can existing organizations and governments be able
to match up or catch up with the advancements of the fast-paced evolving e-procurement
systems? That is an important question that requires further exploration.
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