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Abstract

In recent years, the construction sector has experienced a significant technological transition,
driven by the introduction of innovative digital tools and the evolution of the legislative
environment. This article presents a Systematic Scoping Review conducted in accordance
with the PRISMA-ScR guidelines, aiming to examine the role of Public Administration (PA)
regarding the adoption of innovative technologies, such as Building Information Modelling
(BIM) and Digital Twin (DT), to improve the management of construction and public
procurement processes. The review analyses the state of the art in the implementation of
digitalised procedures for project management in the construction phase, according to PA
organisational purposes and national and international standard requirements. The data
obtained was used to structure the analysis in order to provide a useful framework for
understanding the level of convergence between the academic world and public admin-
istration in the use of digital technologies and their combined applications. The review
results are organised in a thematic matrix classifying contributions according to key topics,
building process phases, and operational aims. This approach highlights adopted strategies
and emerging best practices, aiming to support both PAs and professionals in overcoming
digitalisation challenges. A specific focus has been dedicated to the need for continuous
training and legislative adaptation, which are essential for integrating digital technolo-
gies into building processes. The analysis and verification of the results of the systematic
scoping review on the digitalisation process in the construction sector, conducted between
academia and the public administration, is supported by a comparison with an Italian case
study from the Emilia-Romagna region, which illustrates the specific application of the
strategies identified in the digital management of public construction processes.

Keywords: public administration; construction site; digitalization; innovation technologies;
project management; BIM; digital twin; scoping review; enabling technologies
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1. Introduction

In recent years, digitalisation has emerged as a strategic global priority within the
construction sector, aiming to enhance operational efficiency, promote sustainability, and in-
crease transparency throughout project management and delivery processes. This urgency
has been explicitly highlighted in policy documents such as the European Commission’s
Digitalisation Strategy for the Construction Sector [1], which calls for the integration of
digital tools to foster innovation and sustainable development. Numerous countries and
international organisations are implementing targeted policies and funding programmes
to encourage the integration of digital technologies in the built environment, reflecting a
widespread global drive towards innovation [2].

The integration of digitalisation in the construction industry is increasingly viewed
as part of an interconnected system, in which the adoption of a specific technology is
closely linked to the development and dissemination of other digital solutions. This
interconnected approach has been referred to as the twin transition, combining digital
and ecological transformations, as emphasised in recent EU policy reports [3]. For this
reason, digital strategies require a holistic approach that accounts for the interdependencies
among technological tools and is adaptable to the regulatory, cultural, and market-specific
conditions of different national contexts. Studies conducted by Deloitte [4] emphasise the
importance of moving beyond a fragmented approach, advocating instead for an integrated
and synergistic digital ecosystem capable of ensuring interoperability and continuity across
the various platforms adopted within the construction sector [5].

Although Table 1 illustrates a growing number of national regulatory reforms aimed at
digitalising procurement processes, these initiatives reveal significant variability in scope,
implementation timelines, and technological integration across countries.

Table 1. Adoption of regulatory reforms for the digitalisation of public procurement processes.

Italy 2023–2024

Entry into force of the new Public Procurement
Code (Legislative Decree No. 36/2023), effective
from July 2023 and fully applicable from January
2024, mandates the full digitalisation of the public
contract lifecycle, the use of electronic catalogues,
and interoperability between platforms through the
Public Contracts Platform [6].

Germany 2017

Implementation of the XVergabe standard to ensure
interoperability among various e-procurement
platforms and the full digitalisation of
procurement procedures.

UK 2023

Approval of the Procurement Act 2023, which
introduced a centralised digital platform for public
procurement management, streamlining access and
participation for suppliers and buyers.

The Netherlands 2023

Implementation of the annual plan for the
digitalisation of public procurement, featuring the
adoption of interoperable platforms such as
Tenderned and the utilisation of the Peppol network
for information exchange.

Sweden 2019

Launch of the “Digital First!” reform to modernise
the public sector, with the adoption of Peppol BIS
standards for e-procurement and the promotion of
interoperability between systems.
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Table 1. Cont.

Danmark 2019

Implementation of Peppol-based e-procurement
solutions, promoting interoperability and the use of
electronic catalogues to streamline
public procurement.

Norway 2019

Adoption of national standards compatible with
Peppol for e-procurement, facilitating
interoperability and efficiency in public
procurement processes.

Notably, some Northern European countries (e.g., Sweden, Denmark, Norway) have
adopted centralised and interoperable platforms, often aligned with the Peppol standard,
promoting seamless data exchange and procurement efficiency.

In contrast, countries such as Italy, Germany, and the United Kingdom have pursued
more decentralised or proprietary approaches, with varying levels of interoperability and
strategic alignment.

This divergence underscores the persistence of a heterogeneous landscape and high-
lights the need for a coordinated strategic vision to ensure coherent and scalable digital
adoption across Public Administrations.

1.1. The Role of the Public Administration (PA)

At the international level, several governments have initiated regulatory reforms
aimed at digitalising public procurement processes, introducing innovative tools such as
electronic catalogues, standardised information workflows, and interoperability between
digital systems, as illustrated in Table 1 [7]. Such reforms are consistent with recommen-
dations of the European Commission promoting digital governance and transparency in
public procurement to deliver high-quality services [8].

These measures prove essential to ensuring efficiency and transparency in public
contracts. In Europe, particularly in the Nordic countries and other Member States, re-
cent reforms demonstrate an increasing commitment to interoperable platforms for e-
procurement [9]. Similar initiatives are observed globally, for instance in Canada and
Singapore, reflecting a broader trend toward digital governance in public construction
projects [10,11]. Simultaneously, in North America and the digitally advanced economies
of the Asia-Pacific region, there is a consolidation in the adoption of digital platforms,
aligning with the broader global acceleration of technological transformation [12].

Supporting this transition, numerous international investment programmes, such as
Horizon Europe, Digital Europe, the United States National Institute of Standards and
Technology (NIST), and initiatives promoted by the World Bank in emerging countries,
aim to support research, development, and the adoption of digital technologies within the
construction sector [13,14]. These programmes explicitly encourage the integration of BIM,
DT, IoT, and AI to foster innovation and sustainability in public construction.

However, the adoption of digital technologies within Public Administrations (PA) still
presents a heterogeneous and complex landscape. The strategies implemented vary signifi-
cantly from country to country, reflecting differing national priorities, levels of technological
maturity, and local administrative structures [15]. This diversity makes coordination at the
supranational and intergovernmental levels essential to ensure a coherent and sustainable
digital transformation. Despite international efforts and available funding, digitalisation in
the construction sector faces numerous operational and cultural challenges. For this trans-
formation to result in an actual improvement in the quality and efficiency of public services,
profound changes in the organisational models of Public Administrations (PAs) are also



Buildings 2025, 15, 3457 4 of 45

required. Technologies alone are insufficient; a strategic vision is necessary, supported by a
robust regulatory framework and sustained commitment to training and the adoption of
digital operational models [5].

In this context, Public Administrations (PAs) play a pivotal role in driving the digital
transition of the construction sector, especially through the digitalisation of public procure-
ment processes and the implementation of interoperable platforms. However, while the
global commitment to digital innovation is growing, the level of adoption and effectiveness
of these strategies across PAs remains highly uneven and fragmented.

1.2. Barriers and Opportunities in Digital Transformation

A 2018 survey conducted by KPMG revealed that only 23% of Chief Information
Officers in the construction and engineering sector, both public and private, reported
having a well-defined digital strategy, compared to 32% observed in other industries [16].

While this data illustrates a persistent legacy gap, the more recent KPMG Global Tech
Report 2024, surveying 118 public-sector technology executives, shows that 85% are now
prioritising emerging technologies over legacy systems, although two-thirds report lacking
the talent needed to implement their digital transformation plans [17].

In response to these challenges, the present study conducts a systematic review of
the international scientific literature, aiming to analyse the state of digitalisation in the
construction sector, with particular focus on the role of Public Administrations (PA). The
objective is to identify the main trends, strategies adopted to overcome barriers to innova-
tion, and the remaining challenges. Through this analysis, the study intends to provide a
comparative framework that is useful for defining more effective, sustainable, and repli-
cable digitalisation models across diverse geographical contexts. This approach aligns
with recent systematic reviews in the field, which emphasise the need to connect academic
research with practical implementation in PAs [18,19].

The delay in adopting digital technologies in the construction sector, including limited
interoperability, regulatory fragmentation, and skill gaps, hinders the integration of digital
tools into public procurement and construction workflows. These structural obstacles have
been consistently discussed in prior studies on digital transformation in construction and
public administration [20,21].

Notably, the IDC report “The Future of Connected Construction” (2010) [22] identified
five major challenges that remain highly relevant for Public Administrations today. These
include the lack of a shared technological roadmap, difficulties in building scalable and
interoperable digital architectures, and the absence of standardised KPIs to measure the
impact of digitalisation.

Further challenges concern the limited availability of digital skills within public bod-
ies and the slow integration of emerging technologies—such as IoT, Digital Twins, and
AI—into operational and administrative workflows. Although some tools, like BIM, are
now widely adopted, others such as Blockchain and robotics remain confined to experimen-
tal or research-driven implementations, with only partial uptake in public procurement
and asset management contexts.

1.3. Research Objectives and Article Structure

Digital transformation in the construction sector represents a multi-level challenge
involving technological infrastructure, organisational models, skills, and regulations. Al-
though interest in adopting advanced tools such as BIM, DT, IoT, artificial intelligence (AI),
and blockchain is steadily increasing, their implementation by Public Administration (PA)
remains heterogeneous and fragmented.
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The main issues identified in the literature concern the lack of interoperability between
platforms, regulatory fragmentation, insufficient digital skills, and the absence of a unified
national strategic vision. In particular, the digital maturity of PAs varies significantly
depending on the geographical and institutional context, limiting the scalability of best
practices and the dissemination of replicable models.

In light of this scenario, the present study proposes a systematic review of the scientific
literature, aiming to analyse the state of digitalisation in the public construction sector by
identifying emerging trends, recurring barriers, and strategies adopted at the international
level. Based on this perspective, the guiding research question of the present review is the
following: Is the digitalisation of Public Administrations aligned with the strategies and directions

identified in the international scientific literature? The analysis seeks to provide an updated
and comparative overview of the role of PA in promoting digital innovation, identifying
enabling factors and necessary conditions for an effective transition. This question provides
a clear analytical direction and allows for a structured comparison between the academic
literature and the practices implemented by PAs. The explicitation of the research question
within the introduction to the scoping review provides consistency and supports the classi-
fication of articles and the case study examined, which are fundamental to understanding
the digital transition in construction processes managed by public administration. This
formulation is in line with the PCC framework recommended for scoping reviews, in which
the Population (P) is represented by public administrations in the construction sector, the
Concept (C) is digitalisation (technologies, procedures, barriers and strategies), and the
Context (C) refers to both the international and national perspectives on public construction
processes, with a specific focus on the Italian case study of Emilia-Romagna [23].

To this end, the reviewed contributions have been classified according to a thematic
matrix structured by key topics, phases of the construction process, and operational ob-
jectives. This approach allows for the assessment of maturity levels and applicability of
different technologies across the entire lifecycle of public works, from design to manage-
ment and maintenance.

The conducted analysis intends to support public decision-makers, professionals, and
researchers in defining more effective digitalisation strategies focused on public value,
sustainability, and interoperability among systems and stakeholders. In particular, it
highlights areas requiring greater regulatory, organisational, and training investments to
overcome current obstacles and consolidate an integrated digital ecosystem within the
public construction sector.

The paper is organised as follows: Section 2 introduces the methodological approach
applied, while Section 3 shows the results of applying this method; Section 4 focuses on
the comparison of the previous section with the case of an Italian PA, and Sections 5 and 6,
respectively, address the discussions of the results obtained and the final conclusions.

2. Methodological Approach

The objective of this literature review is to examine the evolution of digitalisation
within PA in the construction sector, focusing on identifying the main technologies adopted,
implemented procedures, and regulatory protocols in place. No specific review protocol
was registered for this scientific literature review. The review was conducted in accordance
with the PRISMA-ScR guidelines, and a structured methodology was adopted to guide the
selection and analysis of data in a progressive and targeted manner.

For this Systematic Scoping Review, no formal critical appraisal of the studies reviewed
was conducted. In fact, the aim of this review is to outline the scope and characteristics
of the existing evidence and not to evaluate the methodological rigour of each selected
paper. This approach is in line with the PRISMA-ScR guidelines, which consider critical
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assessment optional for scoping reviews. The completed PRISMA-ScR checklist is provided
in Appendix A, Figure A1 [24].

2.1. Criteria for Analysis and Structuring of the Literature

To ensure a systematic and thorough analysis of digitalisation in the construction
sector, with particular focus on the role of PA, the selected literature was organised into
three macro-categories. The rationale for selecting these three macro-categories is rooted
in both methodological and theoretical considerations. According to the framework for
scoping reviews proposed by Arksey and O’Malley (2005) [25] and further refined in the
PRISMA-ScR guidelines [24], it is essential to classify evidence along thematic domains
that capture both the technological and organisational dimensions of a phenomenon. This
classification facilitates the identification of the main research areas and fields of greatest
development, facilitating a structured comparison among the different sources:

• Digitalisation in PA: This section focuses on analysing the role of PA in adopting
digital tools to improve operational efficiency and transparency in administrative
processes. It examines the digitalisation strategies implemented by governments, inno-
vation policies applied to public procurement, and key regulatory initiatives that have
incentivised the deployment of digital technologies in the public sector. Furthermore,
it analyses the evolution of digitalisation in public management processes, assessing
the level of technology adoption and the remaining barriers.

• Digital technologies applied to construction: This category focuses on technologies
specifically applied to the construction sector, with particular emphasis on the imple-
mentation of BIM and DT in public works. The analysis considers the level of diffusion
of these technologies, their interoperability with national and international regulatory
standards (ISO 19650 [26], UNI 11337 [27]), and the potential they offer for efficient
construction management [28]. A central aspect is the study of digital platforms that
enable data sharing across the different stages of the project lifecycle [29], contributing
to increased automation and resource optimisation.

• Procedures and protocols for digitalisation: This category examines the regulatory
standards and guidelines adopted in various countries to govern the use of digital tech-
nologies within PA and the construction sector. The analysis focuses on best practices
implemented in the digitalisation of public procurement processes and the regulatory
instruments aimed at ensuring the security and transparency of procedures. Particular
attention is given to standardisation policies and interoperability protocols that enable
the integration of new technologies into construction and administrative processes.

2.2. Literature Selection Process

To ensure an accurate and systematic analysis of digitalisation in the construction
sector, with particular focus on the role of PA, a structured methodology was adopted to
identify, select, and analyse the most relevant scientific contributions. The objective was
to explore the evolution of digital technologies and their impact on administrative and
operational processes, as well as the associated documentation and related regulatory and
managerial implications connected to their implementation.

2.2.1. Preliminary Analysis and Selection of the Keywords

Prior to finalising the keywords to be employed in the research, a preliminary analysis
was conducted to identify the most effective terms to describe the phenomenon of digitali-
sation in the construction sector and within PA. This exploratory phase was carried out
using the Scopus database, testing various keyword combinations, including synonyms,
acronyms, and terminological variants, to assess their ability to yield relevant results.



Buildings 2025, 15, 3457 7 of 45

The objective of this phase was to understand the breadth of coverage of each term.
The analysis revealed that generic terms such as Construction or Digitalisation returned
an extremely high number of results, whereas more specific combinations, such as Public

Administration AND BIM, reduced the overall number of documents but improved the
relevance of the identified content.

This preliminary evaluation allowed the identification of the most representative
keywords and refined the search strategy, ensuring a balance between coverage breadth
and the relevance of the results obtained.

To guarantee a comprehensive investigation and identify pertinent and related studies,
an advanced search strategy was adopted, based on the use of synonyms, acronyms,
and terminological variants combined through Boolean operators and wildcards. This
approach enabled the expansion of the search field and inclusion of articles that, while
addressing relevant topics, employ different terminologies to describe analogous concepts.
The operator “OR” was used to consider terminological variants of the same concept, such
as “Building Information Modelling” and its acronym “BIM”, or “Digital Twin” and its
abbreviation “DT”. The inclusion of these alternative terms allowed the capture of a higher
number of publications, ensuring broader coverage of the existing literature.

Subsequently, to identify intersections between topics of interest, the keywords were
combined using the operator “AND”, thus isolating studies that simultaneously address
concepts such as BIM and DT, applied to digitalisation in the construction sector and PA.

For example, a search in the Scopus database using solely the term “Building In-
formation Modelling” over a 20-year timeframe yielded 12,132 documents. However,
including the acronym “BIM” significantly increased the number of documents identified,
reaching 25,018.

Additionally, to include both singular and plural forms of some key terms without
manual specification, the asterisk (*) wildcard was employed. This symbol further broadens
the search results by automatically including all variants of a word. For instance, the query
“process” retrieves documents containing “process”, “processes”, and “processing”, thereby
avoiding the need to list each possible variant manually.

This approach demonstrates how the combined use of Boolean operators and wild-
cards significantly improves the effectiveness of the search, allowing for a larger, more
representative, and relevant dataset aligned with the study’s objectives. Furthermore, the
adopted methodology ensures the replicability of the process, contributing to enhancing
the rigour and transparency of the conducted analysis.

2.2.2. Sources and Timeframe

The research was conducted using the Elsevier Scopus database, one of the most
authoritative sources of scientific literature, selected for its broad disciplinary coverage and
the quality of indexed content.

The reference period for the search was set between 2014 and 2024, a timeframe chosen
to capture the most recent developments in the field of digitalisation, considering that the
adoption of advanced digital tools such as BIM and DT has significantly accelerated over
the past decade, in parallel with the introduction of new European and national regulations.

2.2.3. Considered Disciplines

To ensure comprehensive coverage, the literature search was conducted across multiple
disciplinary domains, including engineering, architecture, computer science, management,
and public administration studies. These areas were identified as particularly relevant
to the digitalisation of construction processes in the public sector. Within each domain,
specific keywords (e.g., “BIM”, “Digital Twin”, “Procurement”, “Public Administration”,
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“Construction Management”) were applied in Scopus and Web of Science, allowing us
to capture both the technological dimension of digital innovation and the organisational,
managerial, and regulatory perspectives. This multidisciplinary approach ensured that
the review included not only technical contributions but also studies addressing gover-
nance, policy, and implementation issues that are central to the digital transition in Public
Administrations.

To ensure a multidisciplinary analysis, studies from various disciplinary fields were
included, such as the following:

• Engineering: to examine the technical aspects of digitalisation in the design, construc-
tion, and management processes of public works.

• Computer Science: to analyse the digital technologies applied to the sector, such as
AI, Machine Learning, IoT, and Blockchain.

• Environmental Sciences: to understand the impact of digitalisation in terms of sus-
tainability, energy efficiency, and resource optimisation.

• Business, Management, and Accounting: to evaluate management models adopted
in the digitalisation of the PA, with particular reference to public procurement and
digital procurement strategies.

• Decision Sciences: to investigate governance models and decision-making processes
related to the adoption of digital technologies in public construction.

• Multidisciplinary: to ensure a holistic view of the phenomenon, integrating studies
from different sectors and research fields.

2.2.4. Inclusion and Exclusion Criteria

In the selection of articles, only scientific articles and conference proceedings were
considered, as they represent the main sources of up-to-date academic and scientific con-
tributions on the topic. Other types of documents, such as reviews, editorials, and policy
reports, were excluded to maintain focus on studies supported by validated analyses and
methodologies (Table 2).

Table 2. Selected filters on Scopus.

Subject area

• Engineering
• Computer science
• Environmental
• Business, Management and Accounting
• Multidisciplinary
• Decision Science

Year range 2014–2024

Language
• English
• Italian

Document type
• Article
• Conference Paper

Open access All Open Access

The search strategy was based on three key elements: keywords, abstracts, and article
titles. This approach enabled the identification of highly relevant publications while
avoiding articles that only marginally addressed the topic. A language filter was also
applied, including only articles in English and Italian, to ensure clear comprehension of the
content and greater consistency in the data analysed.
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An additional selection criterion concerned article accessibility: Open Access studies
were preferred to promote transparency and the dissemination of information without
financial or editorial barriers. This choice was driven by the need to ensure full access to the
analysed documents, facilitating direct comparison and independent verification of results.

2.3. Classification and Validation Criteria for the Analysed Literature

After identifying the relevant literature and selecting articles based on the method-
ological criteria described in the previous sections, a subsequent classification was carried
out to ensure a coherent structure of the analysis. This process made it possible to organ-
ise the studies in a way that facilitates comparison across different disciplinary perspec-
tives and to identify emerging trends in the context of digitalisation in the construction
sector and within the PA. The classification of the articles was conducted according to
three fundamental criteria:

A. Relevance to the Selected Literature: only articles directly addressing the topic of
digitalisation in PA and the construction sector were included, excluding studies with
a marginal focus or not closely related to the subject.

B. Number of Citations: to identify studies with higher scientific and academic impact,
articles with a significant number of citations were selected, as this is an indicator of
their relevance within the scientific debate.

C. Elimination of Duplicates: to avoid redundancies, articles found in multiple
databases or presenting overlapping content were removed.

The categorisation of the articles made it possible to identify the most developed areas
of research while also highlighting those in need of further consolidation. This approach
provided a clear overview of the state of the art of digitalisation in the PA and the construc-
tion sector, offering valuable insights for the development of future strategies aimed at
bridging existing gaps and promoting a more effective integration of digital technologies.

2.4. Matrix Setup

The developed matrix collects and analyses a set of contributions related to the use
of digital technologies in the construction sector, with the aim of highlighting emerging
trends, prevailing methodological approaches, the stages of the construction process in-
volved, the objectives pursued through digitalisation, and the technological capabilities
actually implemented.

Each row of the matrix corresponds to a single scientific article and includes the
following descriptive fields:

A. Article Identifier (ID Paper): a unique code assigned to each analysed contribution,
useful for tracking and referencing.

B. Case Study Type: specifies the main application context of the analysed case, distin-
guishing between infrastructures, buildings, or urban areas.

C. Approach Type: describes the methodological nature of the contribution, classifying
the article as a literature review, methodological study, or applied study.

D. Involved Construction Process Phases: The Public Contracts Code (Legislative Decree
31 March 2023, No. 36) clearly identifies the main phases of the public work lifecycle,
breaking them down into the following:

(d.1) Programming: the preliminary phase in which PAs define needs, intervention
priorities, and allocate financial resources. Programming includes drafting
strategic guidance documents and requirement frameworks.

(d.2) Design: each level aims at the progressive technical, economic, and functional defini-
tion of the work.
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(d.3) Execution: the phase in which the awarding and construction of the work
take place. It includes the contract signing, site commencement, technical and
economic control of the execution, and any variations during construction.

(d.4) Facility Management: the post-construction phase includes all activities related
to monitoring, routine and extraordinary maintenance, operational manage-
ment, and performance control of the infrastructure or building.

E. Scopes of the digitalisation: In the construction sector, the objectives of digitali-
sation mainly revolve around four fundamental directions. This trend is widely
confirmed by numerous recent studies, highlighting a growing focus on process ef-
ficiency, automation, risk management, and the promotion of collaboration among
involved stakeholders.
In 2017, Deloitte, in its report “Digital Construction: From Vision to Reality”, empha-
sised how the adoption of digital technologies such as BIM and augmented reality
aims to increase productivity, reduce execution errors, and improve collaboration
among project participants (see Table 3). The report also highlights the role of digital
tools in supporting rapid and effective decision-making through greater visibility of
project data, thus contributing to risk management and cost control [5].
Similarly, the 2020 IDC and Autodesk report underscores the strategic value of digital-
isation in promoting operational efficiency and process standardisation, encouraging
greater automation and interoperability between adopted platforms. Additional ob-
jectives identified include enhancing business resilience, ensuring the availability of
real-time information, and adopting digital metrics for performance evaluation [22].
Both sources converge on the urgency of an integrated approach focused on system in-
terconnection, data quality, and strengthening the digital skills of sector professionals.

Table 3. Comparison of digitalisation objectives according to Deloitte and IDC-Autodesk.

Scopes of the Digitalisation Deloitte (2017) [5] IDC and Autodesk (2020) [22]

Operational efficiency
Increased productivity; reduction in
time and errors

Increase in efficiency and productivity

Process automation
Use of technologies to streamline
operational activities

Standardisation, automation, and
simplification of operations

Risk and cost management
Decision support through real-time
data and financial transparency

Data-driven decision-making;
proactive risk management

Collaboration and transparency
Information sharing among project
stakeholders

Integration and interoperability among
platforms and stakeholders

Resilience and business continuity
(Mentioned within the context of
digital collaboration)

Improvement of organisational
resilience and complexity management

The objectives of digitalisation in the construction sector primarily focus on five key
areas [22]:

(e.1) Automation: reduction in manual tasks through software, algorithms, or intelli-
gent technologies; aimed at increasing productivity and minimising human error.

(e.2) Efficiency improvement: enhancement of energy, operational, and managerial
efficiency through the optimisation of resources, time, and costs.

(e.3) Transparency and Traceability: the ability to continuously monitor and document
activities, decisions, and information flows throughout the building lifecycle
in an accessible manner.
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(e.4) Risk and Cost Management: the use of predictive tools, simulations, and ana-
lytical methods to prevent critical issues and proactively assess the impact
of decisions.

(e.5) Collaboration: enhancement of coordination among supply chain stakeholders
through shared workflows, interoperability, and integrated access to information.

F. Implemented Technological Capabilities: The technological capabilities analysed in
the case studies were classified according to the model proposed by the Digital Twin
Consortium, which identifies six functional categories:

(f.1) Data Services (DS): This category includes capabilities related to data access,
ingestion, and management across the platform, from the edge to the cloud. It
includes services for data integration, basic and advanced analytics, artificial
intelligence, orchestration, and other Digital Twin process functionalities.

(f.2) Integration (IR): It refers to the capabilities that enable data access from ex-
isting internal and external enterprise systems and applications, facilitating
communication between different Digital Twins.

(f.3) Intelligence (IC): It includes capabilities that provide an environment for the
development and deployment of industrial Digital Twin solutions, offering
services for data integration, advanced analytics, artificial intelligence, orches-
tration, and other Digital Twin process functionalities.

(f.4) User Experience (UX): It encompasses the capabilities that enable users to inter-
act with Digital Twins and visualise their associated data.

(f.5) Management (MN): It refers to system and ecosystem management capabilities,
ensuring that all components of the Digital Twin operate in a coordinated and
efficient manner.

(f.6) Trustworthiness (TW): It includes capabilities related to security, privacy, relia-
bility, and resilience, ensuring that the Digital Twin operates securely and in
compliance with regulations.

For each article, a qualitative level of technological implementation was assigned,
represented through a traffic light coding system. This visual approach summarises the
degree of maturity and actual application of the digital technologies discussed. Specifically:

• Green—clear and operational application: the technology is thoroughly described and effec-
tively employed in the analysed case study, with concrete examples of implementation.

• Yellow—limited presence or mentioned: the technology is referenced in the text, but its
use is marginal, unsystematic, or not supported by practical application.

• Red—absent or not relevant: there is no significant reference to the technology, or it is
not pertinent to the content discussed.

This coding system enables a rapid mapping of the prevalence and maturity level of
different technological capabilities within the case studies, facilitating the identification of
gaps, best practices, and potential areas for future development in the digital construction
sector. To synthesise the evidence, the charted data were aggregated thematically and
analysed in terms of frequency. Contributions were grouped according to research topic,
stage of the construction process, operational objectives, and enabling technologies, with the
results presented in Section 3 (Analysis of Results and Definition of the Thematic Matrix).

2.5. Article Selection

The application of the selection methodology described in the previous section led to
the identification of an initial corpus of 557 articles (see Figure 1). These were subsequently
classified into thematic categories to ensure a structured and coherent analysis of the
digitalisation process in the construction sector, with a specific focus on the role of PA.
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Figure 1. PRISMA-ScR flow diagram to obtain the final list [30–169].

To facilitate a systematic investigation and highlight the main areas of digitalisation
development, the selected articles were divided into two macro-categories:

A. Digitalisation Technologies (251 articles): This category includes studies analysing the im-
plementation and use of digital technologies within the public sector and construction
industry. The main topics addressed include:

• 155 articles related to Building Information Modelling (BIM), one of the most estab-
lished technologies for digital modelling and management of construction projects.
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• 13 articles on Digital Twin (DT), an emerging technology enabling the cre-
ation of virtual replicas of buildings and infrastructure for real-time monitoring
and management.

• 83 articles on other innovative digital technologies (Innovation Technology),
including Internet of Things (IoT), Blockchain, Artificial Intelligence, and ad-
vanced automation systems applied to the digitalisation of the public sector
and construction.

B. Documentation of the digitalisation (304 articles): This category collects studies examining
the regulatory framework, administrative processes, and methodologies adopted by
Public Administration to implement digitalisation in the construction sector. The
analysed studies are subdivided into the following:

• 77 articles on Digital Process/Processes, exploring digital processes imple-
mented to improve efficiency in managing and organising activities within the
Public Administration.

• 182 articles on Procedures, which include operational methodologies, standards,
and regulations applied to digitalisation processes in public procurement and
construction management.

• 45 articles on Protocols, analysing guidelines, rules, and regulatory frameworks
developed to ensure secure and effective integration of digital technologies in
public and regulatory processes.

After applying the selection criteria outlined in the methodology, the total number of
analysed articles was reduced to 140. Figure 1 (and Figure A2) provides a graphical
representation of the article screening process, illustrating how the initial set of 150
articles was narrowed down to 140 for the subsequent analysis, and highlighting
the two main thematic clusters identified. The final distribution of selected articles,
corresponding to over 25% of the initial corpus, is as follows:

• 69 articles concerning digitalisation technologies, examining the maturity level
and diffusion of innovative tools within public construction.

• 71 articles relating to regulatory and procedural documentation, analysing the im-
plementation methods of digitalisation at the administrative and regulatory levels.

This final selection enabled a concentration on the most significant and academically
impactful studies, providing a clear and up-to-date overview of the state of the art in digi-
talisation within Public Administration and the construction sector. The results outline both
established trends, such as the widespread use of BIM and the increasing standardisation
of digital processes, as well as emerging challenges, including the adoption of Digital Twin
technology and the integration of advanced technologies like Blockchain and Artificial
Intelligence into public management and procurement processes.

2.6. Geographical Distribution of the Analysed Articles

The analysis of the articles indicates that Italy, the United Kingdom, and Spain are the
leading countries producing research in the field of digitalisation applied to industrial pro-
cesses and technologies. Figure 2 shows a global and European geographic map in which
the intensity of the colour for each country corresponds to the number of publications,
with darker shades indicating a higher publication volume. Italy stands out with 8 studies
dedicated to Building Information Modelling (BIM), 2 on digital twin (DT), 1 on innovation
technology (IT), 6 on processes (PROC), 2 on protocols (PROT), and 4 on digital procedures
(DP). Figure 3 presents the thematic matrix, highlighting the number of articles produced
by each country across the four selected themes, with colour intensity indicating higher
publication volumes. This distribution reflects a balanced commitment between the devel-
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opment of digital methodologies and their practical application in process management,
highlighting a robust research foundation that integrates technological and operational
aspects. The United Kingdom presents a slightly different distribution, with 7 articles on
BIM, 1 on digital transformation, 4 on innovation technology, 1 on processes, 1 on protocols,
and 2 on digital procedures. This pattern suggests a strong interest in technological inno-
vation and particular attention to the integration of new technologies with management
processes, indicating a more experimental approach oriented towards the adoption of
innovative solutions.

Figure 2. Global distribution of articles proportional to colour intensity.
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Figure 3. Global distribution of articles proportional to colour intensity and according to topic.

Spain, with 4 studies on BIM, 1 on digital transformation, 1 on innovation technology,
5 on processes, and 3 on protocols, demonstrates a pronounced focus on governance and
digital regulation, likely reflecting a significant emphasis on structuring workflows and
operational procedures, a crucial aspect for ensuring standardisation and replicability of
digital solutions.

At the global level, thematic distribution shows that BIM and processes are the most
studied topics, with 41 and 44 articles, respectively, followed by innovation technology (23),
digital procedures (14), and protocols (13). However, it is important to highlight that 93 of
the 140 analysed articles originate from European countries, underscoring Europe’s leader-
ship in research and development of digital technologies applied to industrial processes.
This European predominance suggests strong investment and interest within the continent
towards digital transformation, likely supported by favourable policies, European funding,
and a well-established culture of technological innovation.
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Outside Europe, scientific production is more fragmented and distributed across
various countries, with significant contributions from nations such as China, the United
States, Australia, and India. This geographical diversity also reflects differing stages of
adoption and maturity of digital technologies across industrial and regulatory contexts, as
well as varying research priorities.

The thematic and geographical differences may be interpreted in relation to national
industrial and regulatory contexts that shape development priorities. For instance, Italy’s
strong presence in BIM and processes may stem from its construction and civil engineering
traditions, whereas the UK’s focus on technological innovation reflects the dynamic and
competitive technological environment of the country. Spain, on the other hand, appears
to be prioritising the development of protocols and standards, perhaps in response to the
growing need for stricter coordination and control requirements.

In conclusion to this section, despite these differences, it is possible to confirm that
a shared interest emerges in the integration of digital technologies and management pro-
cesses, which could foster enhanced international collaboration and the development of
shared best practices, laying the groundwork for a more effective and harmonised digital
transformation at a global scale in the near future.

3. Analysis of Results and Definition of the Thematic Matrix

The analysis conducted on the selected contributions using the matrix highlights a
series of significant trends in the evolution of digitalisation applied to the construction
sector. In Figure 4, we introduce an extract of this matrix, where for each paper the case
study type, methodological approach, phase of the construction process under investigation,
and purpose of digitalisation have been identified, alongside the enabling technologies and
a summary of the adopted strategy and emerging critical issues. Namely, as mentioned in
the methodology section regarding technological capabilities, a colour-coded classification
system was employed (as previously described at point 7 in Section 2.4).

 

Figure 4. Extract from the matrix (Full matrix in Figure A3).

From a temporal perspective, there is a marked increase in publications starting from
2020, with a notable peak in 2024. This trend reflects the growing interest of the scientific
community in digital technologies within the construction context, probably stimulated by
national and supranational funding programmes.
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Regarding the type of case study, the majority of contributions focus on buildings, fol-
lowed by urban scenarios and, to a lesser extent, infrastructure. This suggests greater matu-
rity and availability of data in the building construction sector compared to other domains.

Methodologically, there is a clear predominance of applied approaches, with numerous
studies centred on direct experimentation and the concrete implementation of digital
technologies in construction processes. This indicates a transition from the theoretical
phase to the operational stage of digital transformation.

Analysing the phases of the construction process involved, design emerges as the
stage most impacted by the introduction of digital tools, followed by facility management
and execution. Initial planning, however, appears less explored, indicating potential scope
for future development.

The most recurrent objectives of digitalisation are process optimisation and activity
automation, while aspects related to risk and cost management receive less attention,
despite their strategic importance.

Overall, the analysis confirms an increasing adoption of digital tools aimed at op-
erational optimisation, while also highlighting persistent challenges such as poor inter-
operability among systems, the absence of shared standards, and the need for advanced
technical skills among personnel involved. These factors represent significant barriers to
full digital integration and call for targeted interventions at the regulatory, technical, and
educational levels.

3.1. Enabling Technologies for the Digitalisation of the Built Environment

The analysis of the current panorama reveals an acceleration in the adoption of digital
tools within the construction sector, primarily focused on practical solutions aimed at en-
hancing streamlining and process automation (see Table 4). However, this digital transition
faces significant challenges, including insufficient interoperability between systems, the
lack of shared standards, and inadequate technical training among industry professionals.

In this context, so-called enabling technologies assume a central role. These are the
technological components that must be integrated into digital systems to ensure their
correct functioning, enable the intended features, and facilitate the achievement of project
objectives. In order to systematically analyse the scientific literature on the digitalisation
of construction, our method involved identifying the enabling technologies associated
with each article and noting them in a dedicated column. This column captures both the
technological solutions adopted and the technological capabilities these solutions enable.

Within the scope of construction digitalisation, it is crucial to distinguish between
enabling technologies and technological solutions, as they play different roles within
the digital ecosystem. Enabling technologies constitute the fundamental technological
infrastructure—that is, the set of tools, platforms, and paradigms that make the implemen-
tation of advanced digital functionalities possible. These are cross-cutting components,
often not directly visible in the final products but essential for activating specific operational
and organisational capabilities. Notable examples include the IoT, Cloud Computing, AI,
BIM, and edge computing.

However, technological solutions represent the concrete and contextualised application
of one or more enabling technologies to solve specific problems or achieve particular goals
within a project. They are systems, tools, or platforms developed based on enabling
technologies and are generally perceived as the “operational interfaces” of innovation.
For instance, a real-time energy monitoring platform can be considered a technological
solution that leverages enabling technologies such as IoT sensors, cloud infrastructure, and
data analytics.
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Table 4. Enabling technologies and technological solutions have been identified in the scientific literature.

Enabling Technologies Technological Solutions

Building Information Modelling (BIM)
Revit, BIMReL, BIM + GIS integration, BIM + IoT, blockchain-enabled
models, BIM plug-ins, model checking, 3DStock, Last Planner System,
Design for Manufacturing and Assembly (DfMA)

GIS
BIM + GIS integration, WebGIS platforms, interoperable geodatabases,
ArcGIS, ArcGIS Online, QGIS with custom plug-ins

CDE
ACDat, Autodesk Construction Cloud (ACC), Trimble Connect, shared
document management systems, IFC interoperability, controlled
stakeholder access, modification traceability

Digital Twin (DT)
Space management systems, predictive maintenance, VEWS platform,
real-time sustainable monitoring

Internet of Things (IoT)
LoRa sensors, BLE virtual barriers, edge computing platforms, Digital
Twin (DT) + BIM + IoT prototypes

Cloud Computing (CC)
Environmental monitoring applications, cloud-based document
storage, and BIM–cloud integration

Edge Computing (EC)
Raspberry Pi, edge architectures for greenhouses, latency reduction,
local data processing

5G Smart city infrastructures, network slicing, ultra-low latency services

AI Predictive systems, energy optimisation, facility management tools

ML Pattern recognition, climate forecasting, operational flow optimisation

Big Data (BD) KPI analysis, environmental data aggregation, urban planning

Advanced Analytics (AA)
Predictive simulations, visual analytics, fuzzy modelling, Soft Building
Modelling (SBM), multi-criteria analysis

Understanding this distinction not only allows for a clearer analysis of what has been
adopted in case studies but also facilitates the evaluation of the quality and coherence
of technological choices relative to project objectives. Enabling technologies, in fact, do
not generate value on their own; rather, value is realised when they are integrated within
technological solutions that fully exploit their potential.

Each enabling technology is correlated with technological capabilities based on the
traffic-light coding observed in the analysed sources. Specifically, the inclusion of a ded-
icated section on enabling technologies and their associated technological capabilities
allows for a direct linkage between design objectives and implemented solutions. This
facilitates the rapid identification of effective technologies tailored to specific needs, such
as interoperability, automation, artificial intelligence, data management, or user experience.
In this regard, the matrix serves as an operational reference to guide informed decision-
making, reduce technological uncertainty, and promote the coherent integration of digital
components within construction processes.

The matrix presented in Figure 5 illustrates the frequency with which eleven enabling
technologies have been associated with the six categories of technological capabilities
defined by the Digital Twin Consortium: Data Services (DS), Integration (IR), Intelligence
(IC), User Experience (UX), Management (MN), and Trustworthiness (TW). The data were
extracted from a structured sample of case studies, analysed using a traffic-light coding
scheme, and subsequently aggregated based on the recurrence of mapped technologies.
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Figure 5. Frequency of association between enabling technologies and technological capabilities in
the analysed case studies.

By employing gradient colour conditional formatting, the most frequently adopted
technologies within each capability category can be easily identified.

Among the enabling technologies considered, Building Information Modelling (BIM)
stands out as the most widely adopted across categories, with particularly significant
occurrences in Management (39), Integration (32), and Trustworthiness (23).

This emphasises the central role that building information modelling plays not only
in the design phase but also in managing and ensuring the reliability and traceability of
digital twins in the built environment.

Big Data (BD) and Advanced Analytics (AA) follow in terms of overall frequency.
Big Data is strongly correlated with Data Services (29), while Advanced Analytics shows
high associations with Trustworthiness (29), Data Services (19), and Intelligence (10). The
prominence of these two technologies confirms the critical role of data processing and
valorisation as cornerstones of integrated digital systems.

Digital Twin (DT) and Cloud Computing (CC) exhibit a more balanced distribution,
with applications spanning Management, UX, and DS. This reflects the need for inter-
operable and accessible infrastructures for the effective management and exploitation of
digital models.

Geographic Information Systems (GIS), though less frequent overall, demonstrate a
noteworthy presence in Integration (9) and Management (6), suggesting their relevance
in structuring spatial data and supporting location-based decision-making. Their role is
especially pronounced in urban and infrastructure contexts, where geographic components
are essential for the implementation of georeferenced digital models.

The Common Data Environment (CDE) shows specific relevance in Data Services
(8) and Integration (6), consistent with its function as a collaborative environment for
centralised data management and sharing. The value of CDE becomes especially evident
in contexts where data reliability and document traceability are critical to the success of
digital construction processes.

In contrast, some emerging enabling technologies—such as Edge Computing (EC)
and Machine Learning (ML)—are either absent or scarcely represented. This points to a
gap between their theoretical potential and actual adoption in the available case studies.
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Similarly, technologies like 5G, Blockchain (BC), and Artificial Intelligence (AI) register
marginal values, often limited to specific contexts. These limitations may stem from
infrastructural, regulatory, or technological maturity barriers.

Overall, the matrix provides a clear snapshot of the current landscape of digital twin
applications in the construction sector. It reveals a strong reliance on information modelling,
data management, and process reliability technologies, while the adoption of intelligent,
edge, or distributed solutions remains embryonic or context-specific.

This simply means that the future development of digital twins will require enhanced
computational and communication capabilities to support greater autonomy, adaptability,
and scalability of digital models.

The chart (Figure 6) illustrates the distribution of the main enabling technologies in
relation to the four canonical phases of the construction process: Programming, Design,
Execution and Facility Management (FM).

 

Figure 6. Frequency of use of enabling technologies across the building process phases.

Among the technologies examined, Building Information Modelling (BIM) stands out
with a markedly dominant presence in the design phase (26 occurrences), reaffirming its
central role in information modelling and in the coordinated definition of building projects.

Data-driven technologies, particularly Big Data (BD) and Advanced Analytics (AA),
are significantly associated with both the facility management phase (BD: 16; AA: 11) and
the programming phase (BD: 15; AA: 25), indicating a growing focus on data-informed
approaches in management and planning processes.

Digital Twin (DT) and the Internet of Things (IoT) exhibit a less pronounced yet
cross-cutting presence, with applications distributed across multiple phases, particularly in
facility management (DT: 9; IoT: 7), highlighting their potential in contexts characterised by
high information and operational complexity.

Geographic Information Systems (GIS) also show a distributed usage throughout the
entire construction process, with occurrences in programming (6), design (5) and facility
management (6), confirming their relevance in geolocation, land management and the
spatial representation of both design and operational information.

However, the Common Data Environment (CDE) is more concentrated in the design (7)
and execution (4) phases, where it enables controlled and centralised access to information
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among stakeholders, contributing to the reduction in errors and the improvement of
document traceability.

In contrast, emerging technologies such as Edge Computing (EC) are entirely absent
from the matrix, suggesting a still marginal diffusion within the current construction sector.
Similarly, the adoption of solutions based on 5G, Artificial Intelligence (AI), Machine
Learning (ML), and Blockchain (BC) appears to be limited, reflecting either an early stage
of adoption or confinement to highly specialised use cases.

The chart (Figure 7) highlights the correlations between enabling technologies
and five strategic objectives of digitalisation in the construction sector, namely automa-
tion, collaboration, operational efficiency, risk and cost management, and transparency
and traceability.

 

Figure 7. Frequency of use of enabling technologies for each purpose of digitalisation in the construc-
tion sector.

Building Information Modelling (BIM) emerges as the most widely applied enabling
technology, with a peak in associations related to process optimisation (41 occurrences),
followed by transparency and traceability (26 occurrences) and collaboration (25 occur-
rences). These results underline the cross-functional nature of BIM and its capacity to
support process optimisation, waste reduction and the structured sharing of information
throughout the asset lifecycle.

Alongside BIM, Big Data (BD) and Advanced Analytics (AA) are also prominent, with
strong correlations to streamlining (BD: 24, AA: 23) and risk and cost management (BD:
24, AA: 27). Their widespread use reflects the emergence of predictive and data-driven
approaches, which enhance decision-making and process control in construction.

Technologies such as Digital Twin (DT) and the Internet of Things (IoT) show a
significant yet more evenly distributed presence, suggesting their application in complex
or experimental contexts.

Geographic Information Systems (GIS) and Common Data Environments (CDE) also
demonstrate relevant use, particularly for streamlining (GIS: 10, CDE: 8), transparency
and traceability (GIS: 6, CDE: 6) and collaboration (GIS: 7, CDE: 8). These findings
confirm the strategic role of GIS in the spatial representation and management of ter-
ritorial data and of CDE as a shared environment for information coordination among
construction stakeholders.

Conversely, Edge Computing (EC) does not appear in the matrix, indicating a still
marginal adoption in the construction domain. Similarly, technologies such as Blockchain
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(BC) and Artificial Intelligence (AI) show selective yet coherent applications, particularly in
the domains of automation (BC: 4, AI: 4) and transparency and traceability (BC: 5, AI: 2).

Figure 8 presents the frequencies of co-occurrence between pairs of enabling technolo-
gies used across the case studies analysed. Each cell indicates the number of articles in
which a given pair of technologies appears jointly, allowing the identification of operational
synergies, integration trends, and recurrent adoption patterns.

 

Figure 8. Co-occurrence matrix of enabling technologies.

As expected from observed trends, Building Information Modelling (BIM) confirms
its role as the most frequently associated technology, appearing in 52 articles and showing
notable co-occurrence with the following:

• Digital Twin (DT): 7 occurrences;
• Geographic Information Systems (GIS): 6 occurrences;
• Common Data Environment (CDE): 5 occurrences;
• Big Data (BD): 5 occurrences;
• Advanced Analytics (AA): 6 occurrences.

The association between BIM and DT, especially, reflects the growing convergence
between information modelling and dynamic simulation, which supports the development
of Digital Twins for the built environment. Similarly, the co-occurrence with GIS and CDE
highlights the interest in integrated approaches aimed at territorial management and the
structured sharing of data.

Analytical technologies such as BD and AA demonstrate significant overlap with
multiple other technologies, reinforcing their transversal role in extracting value from data
generated throughout the building lifecycle.

By contrast, technologies such as Edge Computing (EC) and 5G show either no or very
limited co-occurrence, confirming their current low level of maturity within the AEC sector.
The limited presence of combinations involving EC suggests that distributed data process-
ing close to the data source remains largely unadopted in current construction workflows.

3.2. Distribution of Enabling Technology Combinations Across Construction Process Phases:
Analysis of Clusters and Emerging Trends

Figure 9 illustrates the distribution of the main combinations of enabling technologies
(e.g., BIM, AI, IoT, Digital Twin) across the four phases of the construction process: Program-
ming, Design, Execution, and Facility Management. Quantitative data, represented through
a series of bar charts for each phase, reveal an uneven adoption of technologies, with a
greater concentration during the Programming (126 occurrences) and Facility Management
(120) phases, compared to the Design (112) and Execution (47) phases.
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Figure 9. Distribution of enabling technology combinations across the phases of the construction
process.

During the Programming phase, combinations based on Advanced Analytics (AA)
and Big Data (BD), integrated with Digital Twin (DT), Geographic Information Systems
(GIS), and Machine Learning (ML), are predominant. These are employed to support
strategic planning and predictive modelling. The Design phase, although characterised by
a lower technological density, exhibits a gradual digital maturation through combinations
such as AA + BD, AA + DT, AA + BIM, and AA + Common Data Environment (CDE),
indicating a consolidation of information flows and growing interoperability.

Execution emerges as the least digitised phase. The identified combinations (e.g.,
5G, BD, BIM) tend to be simple and are primarily oriented towards traceability, real-time
communication, and construction site logistics. The critical issues observed in this phase are
largely attributable to operational constraints, lack of standardisation, and cultural barriers.
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Facility Management stands out for its technological complexity and intensity, with
frequent configurations such as DT + GIS + IoT + ML and BIM + DT + IoT. These support
predictive maintenance, environmental monitoring, and data-driven asset management.
The Digital Twin, in particular, emerges as a key technology for adaptive asset management,
aligning with the Smart Building and Smart City paradigms.

From a strategic perspective, the concentration of advanced combinations in Program-
ming and Facility Management reflects two complementary axes: ex ante planning and ex
post management. Although the intermediate phases remain less developed, they exhibit
signs of growth and increasing integration.

The analysis reveals the emergence of coherent clusters:

• AA + BD (+ GIS/ML): dominant in Programming, supporting predictive analytics;
• BIM + DT + IoT: consolidated in Facility Management, for monitoring and maintenance;
• AI + BIM + IoT/ML: applied in Facility Management, for automated optimisation;
• BD + Cloud Computing (CC) + CDE: identified in both Facility Management and

Execution, for document management and traceability;
• Blockchain (BC) + BD + CDE + GIS: observed in Design, facilitating interoperability.

Certain technologies play a cross-cutting role:

• AA and BD are central in the initial phase;
• BIM confirms its role as a bridging technology between design and management;
• DT is increasingly consolidated in Facility Management;
• ML appears in more advanced configurations.

Digital maturity remains uneven, with the initial and final phases being more ad-
vanced, while the Execution phase suffers from significant delays. Bridging this gap
requires a more uniform diffusion of established technologies (e.g., GIS, IoT, DT) to ensure
information continuity and fully realise the Digital Twin paradigm throughout the entire
asset lifecycle.

3.3. Enabling Technology Combinations for Digitalisation: Trends, Clusters and Strategic Implications

Figure 10 illustrates the distribution of the main combinations of enabling technologies
(e.g., BIM, AI, IoT, Digital Twin) with respect to the strategic objectives of digitalisation:
automation, collaboration, streamlining, risk and cost management, and transparency and
traceability. The reported values indicate the frequency of each combination per objective,
highlighting the presence of recurrent clusters and heterogeneous adoption patterns. This
analysis enables the identification of prevailing trends, established application areas, and
still marginal domains.

The resulting landscape is polarised: efficiency improvement (126 occurrences) and
risk and cost management (113) emerge as the primary drivers, whereas automation (86),
transparency and traceability (74), and notably collaboration (55) show lower diffusion.
Thus, digitalisation appears to be oriented towards optimisation and control logics rather
than participatory models.

From a technological standpoint, Big Data (BD), often combined with Advanced Ana-
lytics (AA) and Digital Twin (DT), dominates objectives related to optimisation and risk. Ge-
ographic Information Systems (GIS) correlate strongly with transparency and governance
goals. Combinations such as AA + BD and AA + BD + Common Data Environment (CDE)
act as versatile digital hubs, capable of addressing multiple objectives simultaneously.
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Figure 10. Distribution of enabling technology combinations in relation to the objectives of digitalisa-
tion.

The emergence of well-defined clusters delineates three distinct approaches:

• Analytical-decisional cluster (AA + BD + DT, frequently with Machine Learning
(ML)), focused on simulation and adaptive risk management;

• Infrastructural-spatial cluster (DT + GIS + IoT), prevalent in urban contexts for
transparency and governance;
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• Informational-integrated cluster (BIM + CDE + DT + GIS), aimed at semantic interop-
erability and document management within AEC environments.

The objective of “Collaboration” is consistently under-represented, even in the pres-
ence of collaborative technologies such as BIM, CDE, or Cloud Computing, indicating a
technocratic imbalance at the expense of socio-organisational components.

From a scientific perspective, there is a clear need for digital models oriented to-
wards multi-stakeholder participation, semantic interoperability among analytical (AA),
spatial (GIS), and informational (BIM, CDE) tools, as well as metrics capable of assessing
organisational and social impacts of digital transformation.

On the applied front, AA-centric configurations prove most versatile: AA + BD
dominates four out of five objectives, while combinations such as AA + BIM and AA + DT
integrate prediction and information modelling. AA + GIS supports territorial transparency.
The 5G + BD combination also demonstrates potential in automation, albeit with limitations
linked to visualisation and information control.

Strong correlations between objectives and technologies are observed:

• Automation: AA, BD, IoT, and 5G, for edge-to-cloud processes;
• Collaboration: BIM, CDE, and Cloud, for interoperability;
• Streamlining: AA + BD, DT + BIM, GIS, and IoT;
• Risk and cost management: AA + BD, GIS + BD;
• Transparency and traceability: GIS, CDE, Blockchain.

Emerging clusters such as AA + BD (analytical engine), BIM + DT + IoT (Facility
Management), and Blockchain (BC) + BD + CDE + GIS (transparency) outline advanced
scenarios, while configurations involving AI + ML + IoT anticipate Smart City and Industry
5.0 visions. Certain technologies, like AA + BD, stand out for their transversal coverage,
while BIM, DT, and GIS remain central for modelling, management, and traceability. IoT
and ML, though less frequent, appear in high-innovation intensity configurations.

Overall, the digital ecosystem remains imbalanced: high technological density charac-
terises optimisation and control objectives, whereas collaborative tools are scarcely adopted.
Multi-objective configurations remain rare and demand high technical and organisational
maturity. To support the full spectrum of digitalisation goals, it is essential to promote
integrated solutions capable of combining analytical, informational, and participatory
technologies.

4. Enabling Technologies in the Public Administration: The Italian Case

Integrating technological innovation to achieve sustainability criteria constitutes a key
objective for major governmental systems [170]. The European Union actively promotes
the Twin Transition, an integrated process combining digital transition and green transition,
aimed at transforming the economy and quality of life in a sustainable and innovative
manner [171].

Digitalisation in the public administration sector is driven by the impetus of the
European Union, where the Twin Transition is realised through the adoption and integration
of digital tools and methods within public processes [172]. More specifically, modelling and
information management methods such as Building Information Modelling (BIM) represent
one of the enabling technologies for designing, constructing, and managing infrastructure
that is more efficient, sustainable, and transparent [173]. Indeed, BIM has been promoted by
the European Union since 2014 to ensure its implementation within public administration
processes [174]. Consequently, several European countries are progressively adopting the
European directives through their respective national government strategies [175].
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After the classification matrix to the scientific context of digitalisation in the construc-
tion sector, it was considered strategic to extend the same approach to the organisational
domain of public administration.

Specifically, from the analysis of the geographical distribution of the reviewed articles,
Italy emerges as the country with the highest total number of publications and ranks first
regarding articles related to the thematic area of BIM. Indeed, the Italian Public Procurement
Code stipulates that, starting from 2025, public administrations must employ modelling
and information management systems for the design and construction of new public works
and existing assets in contracts exceeding EUR 2 million [6,176].

Accordingly, the Italian government has mandated a progressive integration of BIM
within public administration processes through Ministerial Decree No. 560/2017, subse-
quently updated by Ministerial Decree No. 312/2021, which outlines the implementation
timelines [177,178]. In Italy, to prevent public administrations lacking prior experience from
approaching the BIM methodology unprepared, they are required to draft an organisational
document in advance (Organisational Act). This document must provide a structured and
organised framework to guide the integration of information management and building
modelling methods within public administration processes.

The Italian context is therefore considered a case study to explore how the enabling
technologies identified in the academic domain are implemented in the public sector, par-
ticularly within the Organisational Act document. Although Italian administrations are
gradually introducing their own Organisational Acts, the one from the Emilia-Romagna
region is the subject of analysis, as it represents the first comprehensive public document
in its extended version [179]. It is important to highlight that the Emilia-Romagna Region
represents a particularly relevant example within the Italian Public Administration context.
Specifically, it is the first regional public administration in Italy to make its full organisa-
tional act publicly available, consisting of over 600 pages. This level of transparency and
completeness is uncommon among Italian public administrations, many of which are still in
the process of adopting their organisational acts or have only partially published them, for
instance, providing only the index. The comprehensive availability of the Emilia-Romagna
organisational act allows for a detailed and systematic examination of how digitalisation
strategies, procedures, and responsibilities are formally integrated at an institutional level.
Moreover, the author of the Emilia-Romagna organisational act is Harpaceas, a consul-
tancy that is currently contributing to the drafting of organisational acts for other Italian
regions and municipalities. This further reinforces the representativeness of this case and
its relevance as a benchmark within the national context. Consequently, the case study
provides a robust and replicable framework to analyse the alignment between academic
research on digital tools in construction and their practical implementation in the public
sector, offering insights that would be less accessible in administrations with limited or
incomplete documentation [179].

Specifically, the analysis of the Organisational Act of the Emilia-Romagna Region
provided an opportunity to assess the effectiveness of the instrument within a real and
institutional context, characterised by a complex articulation of processes, stakeholders, and
technologies. Indeed, the Organisational Act of Emilia-Romagna is an extensive document
of 618 pages, which includes guidelines for the acquisition and maintenance of hardware
and software tools supporting the implementation of various technological domains.

As expected, the technological domains considered in this act comply with the regula-
tory obligations of the Italian normative framework. The primary objective of the Act is to
address the introduction of BIM within public administration processes and the adoption
of an organisation-specific Common Data Environment (CDE).
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The analysis of Figure 11 highlights the categories of enabling technologies included in
the Emilia-Romagna Organisational Act, as well as the explicitly considered combinations
thereof. BIM remains the core of the digital system, articulated into its four components:
Authoring (AUT), Coordination (CO), Data Structure Management (DSM), and BIM Di-
mensions (DIM), namely 4D, 5D, and 6D extensions.

Figure 11. Enabling technologies combination analysis from the Emilia-Romagna Organisational Act.

These components are closely linked, within the Act, to enabling technologies such as
GIS, CDE, and Digital Twin (DT), indicating a synergistic and interoperable approach to
the management of design and infrastructure data.

For example, the planning of an interoperable information infrastructure based on the
CDE aligns clearly with best practices described in the international literature, where the
CDE is regarded as an enabling condition for effective BIM implementation and transparent
data sharing between public and private actors.

Within the Organisational Act, Artificial Intelligence (AI) is recognised as an enabling
technology; however, its use remains limited and predominantly described in a prospective
manner. Its inclusion signals a strategic intent to embrace innovation, albeit in the absence
of consolidated operational applications.

The analysis of technology combinations demonstrates that the integration of digital
tools is crucial for effectively addressing the needs of public administrations (Figures 12
and 13). Among the pairs, the combination of Authoring (AUT) and Common Data
Environment (CDE) stands out as the most comprehensive and crosscutting: it spans
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all phases of the construction process and supports key objectives such as automation,
transparency, and collaboration. The CDE + Coordination (CO) pair is also particularly
significant, especially during the execution phase, where coordination among stakeholders
and structured data sharing play an essential role in risk management.

Figure 12. Matrix of enabling technologies related to the phases.

Figure 13. Matrix of enabling technologies related to the scope of the digitalisation.

Other pairs, such as CDE + Data Structure Management (DSM) or CDE + Digital
Twin (DT), although more limited in scope, show a clear orientation towards the long-
term management of assets, particularly in the facility management phase, confirming
the growing interest in data-driven solutions and Digital Twin technologies. The pairs
AUT + Geographic Information System (GIS) and Artificial Intelligence (AI) + CO in-
troduce interesting potential, especially for programming and management, but remain
relatively underdeveloped.

Triplets (Figure 13), on the other hand, display greater application maturity. The AUT +
CDE + CO combination emerges as one of the most robust, covering the entire construction
lifecycle and integrating objectives of efficiency, traceability, and collaboration. The CDE +
DSM + GIS triplet highlights a territorial and management-oriented approach, while AUT
+ CO + AI introduces elements of predictive intelligence and optimisation, opening up
early-stage evolutionary scenarios.

Overall, the analysed technological combinations are primarily concentrated in the
design phase, followed by the execution phase, indicating that the adoption of digital
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technologies in public administration is prioritised during the initial operational stages of
the construction lifecycle.

5. Discussion

The analysis confirms the emergence of a progressive digital transformation in the
public construction sector, driven by a growing interest in advanced tools such as Building
Information Modelling (BIM), Digital Twins (DT), the Internet of Things (IoT), and docu-
ment management platforms. These enabling technologies are primarily applied during the
design and facility management phases, demonstrating increasing maturity in supporting
the planning, maintenance, and monitoring of structures and building objects. However,
the digitalisation process remains fragmented, influenced by divergent organisational
models, regulatory heterogeneity, and territorial disparities.

The results reveal a complex yet still polarised technological landscape, in which a few
enabling technologies—particularly BIM, Big Data, and Advanced Analytics—dominate the
scene and act as foundational pillars of digitalisation in the construction sector. The most
recurring combinations are geared towards efficiency improvement, risk management, and
information modelling, whereas domains such as collaboration and distributed automation
remain less developed. Technological adoption is uneven across the asset lifecycle, with a
strong concentration of digital solutions in the Facility Management phase and a significant
lag during the execution phase.

In this context, the near absence of Edge Computing and the limited presence of tech-
nologies such as 5G, Machine Learning (ML), and Blockchain point to a structural gap in
relation to the potential offered by emerging paradigms. Edge Computing, due to its ability
to enable processing near the data source and provide real-time responses, is identified as a
key element for overcoming current limitations—particularly in operational phases and in
high-information-dynamic environments such as construction sites or complex facilities.
The introduction of this technology would therefore represent a strategic direction to foster
a more pervasive, responsive, and scalable digital transformation. Edge Computing, in fact,
represents an emerging paradigm within digital transformation, based on data processing
performed in close proximity to the point of generation. This approach should significantly
reduce latency, decrease the load on central data centres, and enhance the operational auton-
omy of systems. The technology has found application across several data-intensive sectors,
including advanced manufacturing (Industry 4.0) [180], critical infrastructure (e.g., smart
grids) [181], autonomous mobility [182], and digital healthcare [183]. However, within the
AEC (Architecture, Engineering, and Construction) sector, its adoption remains limited.

In the construction context, technologies such as Building Information Modelling
(BIM), the Internet of Things (IoT), and Digital Twins have reached a significantly higher
level of maturity, having already been widely integrated into information flows and opera-
tional processes [28,184].

At the methodological level, the construction of a thematic matrix has enabled the
identification of relationships between technologies, phases of the construction process,
and strategic objectives.

The most frequent combinations, such as AA + BD, BIM + CDE, and DT + GIS + IoT,
are predominantly concentrated on predictive management and operational optimisation,
whereas configurations oriented towards multi-actor collaboration are rarer and remain
weakly structured. This highlights a digital paradigm still centred on optimisation and au-
tomation, with limited engagement in organisational, relational, and participatory aspects.

In conclusion, our comparative analysis between the matrix and the case of the Emilia-
Romagna public administration has proved useful for two main reasons: first, to compare
the logics of technology adoption and integration between the scientific and operational do-
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mains; second, to offer public administrations a replicable and structured model capable of
guiding technological and organisational choices in alignment with digital transformation
objectives. The analysis of the regional matrix thus allows the principles observed in the lit-
erature to be translated into practice and enhanced within a public governance perspective.

The application of our structured matrix to the case of the Organisational Act enables
the complexity of the regional technological ecosystem to be transformed into a synthetic
and consultable decision-making repertoire, primarily addressed to public administra-
tions. Through a coherent classification of the technologies adopted, services activated,
and organisational capabilities involved, the matrix provides an integrated overview of
digital choices made, making explicit the relationships between implemented tools and
institutional objectives.

This approach enables public decision-makers to orient their digital strategies based
on systematised evidence, supporting the monitoring of objectives, the identification
of technological or organisational gaps, and the comparative evaluation across units or
entities. Moreover, the matrix may facilitate the adoption of best practices, promote the
standardisation of organisational models, and contribute to the development of a digital
infrastructure more consistent with national and European directives. In this sense, it
constitutes a strategic tool for informed governance and for digital planning grounded in
structured and transparent data.

6. Limitations

In this paper, only articles indexed in the Scopus database and published in Open
Access were considered. While this ensures accessibility and transparency in the method-
ological approach, it constitutes a significant limitation that may have introduced selection
bias, potentially excluding high-quality studies available in other bibliographic databases
(e.g., Web of Science, ProQuest) or in non-open access journals.

Moreover, the exclusion of grey literature—such as government reports, policy docu-
ments, and technical publications—may have limited the representation of institutional
perspectives and real-world implementation practices, especially in the public sector.

The time period selected (2014–2024), chosen with the aim of capturing devel-
opments and innovations in the field of digitalisation, may have overlooked relevant
earlier contributions.

Furthermore, as already stated in Section 2, no formal critical appraisal of the included
articles was conducted, as this is not mandatory in scoping reviews.

An additional limitation concerns the language of the included studies. Only publications
in English and Italian were considered. While this may have excluded relevant contributions
in other languages, the decision was made to ensure both a broad international perspective
(through the English-language literature) and a focused national lens (through Italian sources),
in line with the scope of the Italian case study. This dual approach supports a more balanced
understanding of global trends and local implementation dynamics.

Despite these limitations, the structured methodology adopted and the wide scope of
the literature considered ensure that the review provides a comprehensive and representative
overview of the current state of digitalisation in public administration and the construction sector.

7. Conclusions

In line with the objectives of the Twin Transition promoted by the European Union,
our contribution aims to offer a critical and forward-looking framework for the digital and
sustainable transformation of Public Administrations in the domain of public works.

Especially, the analysis focuses on the structured integration of information manage-
ment methods and digital modelling—such as Building Information Modelling (BIM) and
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Digital Twin—throughout the entire lifecycle of public procurement, as outlined by the
Italian Public Procurement Code (Legislative Decree No. 36/2023).

The investigation adopts a two-tiered methodological approach:
A knowledge-oriented review, carried out through a systematic analysis of the scien-

tific literature published between 2014 and 2024, aimed at reconstructing the evolution,
application trajectories, and dissemination of digital technologies in the construction sector.

An applied inquiry, based on the analysis of regional organisational acts and the devel-
opment of a classification matrix designed to provide an integrated view of the technologies
employed, the organisational capabilities activated, and the strategic objectives pursued.

The analysis conducted by our research group, both on scientific literature and on
the case study of the Emilia-Romagna Region, highlights a series of structural gaps that
hinder the effective adoption of digital technologies within the operational processes of
public administrations, despite growing interest in solutions such as BIM, Digital Twin,
Artificial Intelligence, and the Internet of Things. Specifically, five key critical issues have
been identified:

• The lack of operational tools supporting the systematic integration of digital technolo-
gies across public procurement phases;

• The limited standardisation of digital decision-making processes, which remain frag-
mented and dependent on heterogeneous local practices;

• The absence of support models grounded in structured evidence and up-to-date
regulatory references (e.g., Legislative Decree No. 36/2023);

• The discontinuity between the theoretical-methodological dimension (scientific litera-
ture) and organisational implementation (regional acts, internal procedures);

• The difficulty in aligning strategic digitalisation objectives with specific technologies
and applicable solutions.

Unlike previous reviews, this study not only maps the adoption of digital technologies
in construction but also explicitly compares academic discussions with the strategies and
practices implemented by PAs, considering at the same time procedures, processes, and
protocols. The introduction of a thematic classification matrix, combined with the analysis
of the Emilia-Romagna case study, provides a novel framework for assessing convergence
between research and practice in the digitalisation of public construction processes.

In light of these findings, future developments could include the design of a digital
decision-support platform to assist Public Administration in identifying the most appro-
priate technological combinations, based on strategic goals, the relevant phases of the
construction process, and the specific operational context.

Such a platform could represent a strategic lever for the modernisation of public
governance, with the potential to:

• Promote informed and guided adoption of digital technologies;
• Foster standardisation of decision-making and operational models;
• Strengthen the technical and organisational capacities of public bodies;
• Contribute to the development of a robust, interoperable public digital infrastructure

aligned with national and European directives.

From a policy perspective, the results underline the urgency of reinforcing regulatory
coordination and investing in continuous training to enhance digital maturity across Public
Administrations. For practice, the proposed framework can support decision-makers and
professionals in selecting effective technological solutions, ensuring interoperability, and
reducing fragmentation.

This perspective also opens promising avenues for further research and develop-
ment, both in terms of the scalability of the proposed infrastructure to other application
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domains (e.g., healthcare, infrastructure, cultural heritage), and in relation to its integra-
tion with real-time monitoring systems, predictive models, and artificial intelligence tools,
oriented towards a more proactive, transparent, and efficient management of the public
works lifecycle.

Future research should also prioritise cross-national comparative studies, the devel-
opment of shared impact metrics (such as efficiency, cost reduction, and sustainability),
and the exploration of organisational, social, and cultural aspects of digital transformation,
including stakeholder collaboration and change management.
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Abbreviations

The following abbreviations are used in this manuscript:

PA Public Administration
BIM Building Information Modelling
DT Digital Twin
NIST National Institute of Standards and Technology
AI Artificial Intelligence
ISO International Organization for Standardization
UNI Italian National Standards Body
ID Article Identifier
IR Integration
IC Intelligence
UX User Experience
MN Management
TW Trustworthiness
IT Innovation technology
PROC Processes
PROT Protocols
DP Digital Process
GIS Geographic Information System
QGIS Quantum Geographic Information System
CDE Common Data Environment
ACDat Ambiente di Condivisione Dati (Italian CDE)
ACC Autodesk Construction Cloud
IFC Industry Foundation Classes
VEWS Ventilation Early Warning System
BLE Bluetooth Low Energy
CC Cloud Computing
EC Edge Computing
ML Machine Learning
BD Big Data
KPI Key Performance Indicator
AA Advanced Analytics
SBM Soft Building Modelling
DS Data Services
BC Blockchain
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FM Facility Management
AEC Architecture, Engineering, and Construction
AUT Automation
CO Collaboration
DIM Dimension BIM
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Figure A1. PRISMA-ScR-Checklist [24].
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Figure A2. List of 140 selected articles [30–169].
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