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Abstract

Business Intelligence (BI) comprises methods and technologies for collecting, organizing,
and analyzing data to support managerial decision-making. This study presents a sys-
tematic literature review with a two-tier scope: first, identifying the most widely adopted
BI tools across organizational contexts, and second, examining the specific application of
Microsoft Power BI within the civil construction sector. The review followed the PRISMA
guidelines and was complemented by the snowball sampling technique. A total of 81 ar-
ticles published between 2015 and 2025 were analyzed to identify the most used tools,
main application sectors, benefits, and challenges in Bl adoption. The analysis combines
descriptive bibliometric techniques with qualitative content analysis to examine publication
trends, tools, application domains, and reported challenges. Results indicate that Power
BI, Tableau, and Qlik Sense are the most frequent BI tools, with Power BI standing out for
its integration with diverse data sources such as spreadsheets, databases, management
software, and cloud platforms, enabling the creation of dashboards. The civil construction,
business management, and manufacturing industries show the highest adoption rates,
mainly for cost control, performance monitoring, and sustainability indicators. Reported
benefits include operational efficiency, process automation, and improved decision-making.
However, gaps remain regarding data standardization, interoperability, technological in-
frastructure, and user resistance. As a contribution, this review advances the existing
literature by explicitly distinguishing general BI tool adoption from the sector-specific
use of Power Bl in civil construction, systematically classifying application domains and
revealing limitations in maturity that remain underexplored in prior reviews.

Keywords: business intelligence; power BI; construction 4.0; digital transformation; data
interoperability; systematic literature review

1. Introduction

In the current corporate world, business environments face an increasingly dynamic
scenario in which the amount of data produced daily grows exponentially [1,2]. Information
on customers, suppliers, internal processes, financial performance, and market trends is
available in different systems and formats, making data management and analysis a major
challenge [3,4]. The ability to transform raw information into strategic knowledge has
become a competitive advantage, directly impacting efficiency, innovation, and decision-
making within organizations [5,6].

Buildings 2026, 16, 869

https:/ /doi.org/10.3390/buildings16040869


https://crossmark.crossref.org/dialog?doi=10.3390/buildings16040869&domain=pdf&date_stamp=2026-02-22
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/buildings
https://www.mdpi.com
https://orcid.org/0009-0007-0657-2391
https://orcid.org/0000-0003-3276-0621
https://doi.org/10.3390/buildings16040869

Buildings 2026, 16, 869

2 of 25

Given this need, Business Intelligence (BI) has emerged as a set of practices and tools
aimed at data collection, integration, analysis, and visualization, allowing managers to
monitor performance indicators and make more informed decisions [7-9]. The use of Bl
promotes a data-driven management culture, providing greater transparency, agility, and
accuracy in decision-making [10-12]. According to [13-15], tools such as Power BI, Tableau,
QlikView, and SAS Business Intelligence stand out for offering dashboards, dynamic
reports, and the ability to consolidate data from different sources, making information
more accessible and understandable across organizational areas.

Although civil construction handles large volumes of resources, digitalization and
the adoption of advanced analytical tools still occur more slowly compared to other sec-
tors [16-19]. This lag is linked to several barriers identified in the international literature,
among which cultural resistance within organizations stands out, hindering the acceptance
and full use of new technologies [20-23].

Despite these limitations, the need for strict control of schedules, costs, quality, and
productivity reinforces the relevance of applying Business Intelligence tools in the con-
struction sector [24-26]. In a national study, only 5% of Brazilian companies reported
effectively utilizing data intelligence, while 43% stated they are unable to identify consumer
behavior patterns through digital channels [27]. Although these findings are context-
specific, they reflect challenges commonly observed in emerging economies and illustrate
broader structural barriers to the adoption of analytical solutions in construction. This
scenario underscores the significant growth potential for the use of Business Intelligence in
the sector.

Specifically regarding Building Information Modelling (BIM), while the literature
extensively covers its capabilities for 3D modelling and clash detection, there is a growing
need to leverage the semantic data embedded in these models for performance predic-
tion [28-30]. In this context, Business Intelligence (BI) tools emerge as the necessary

‘analytical layer” that extracts, visualises, and democratises BIM data. By acting as a bridge,

BI allows stakeholders to move beyond geometric visualisation to performance-based
decision-making, aligning directly with the goals of sustainable building management.

According to [31-33], digital transformation requires managers and teams to rethink
their strategic practices, going beyond the mere incorporation and maintenance of new
technological tools. In the context of Business Intelligence, and particularly platforms such
as Microsoft Power BI, this transition demands changes in how businesses are conducted,
including the establishment of structured and standardized processes capable of generating
reliable data from corporate systems and enabling automation and advanced analytical
practices [34-37].

In this context, it becomes essential for companies to recognize the potential of digital
technologies not only as instruments of modernization but also as means to increase
competitiveness, reduce costs, and deliver higher value-added products and services to
customers [33,38,39].

Accordingly, this study adopts a dual-scope approach. First, it maps the landscape of
Business Intelligence tools applied across organizational contexts. Second, it specifically
analyses the application of Microsoft Power BI within civil construction companies by
addressing five research questions presented in the following section. To achieve these
objectives, a Systematic Literature Review (SLR) is conducted in accordance with the
PRISMA guidelines and complemented by the snowballing technique to compile and
analyze the available evidence. This approach aims to advance our understanding of
how Power BI has been used in civil construction and identify its reported benefits and
application patterns.
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2. Materials and Methods

The study employed a systematic literature review to identify, synthesize, and compare
approaches to the use of Power BI. The review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, as
described by [40] and updated by [41], which aim to optimize the reporting of systematic
reviews to ensure the identification, evaluation, and interpretation of results relevant to the
topic under study. In addition, the snowballing technique was used, which, in the context
of systematic literature reviews, has proven effective for locating relevant studies that do
not appear directly in initial keyword searches of traditional databases [42].

The research, exploratory in nature and grounded in a bibliographic review and
bibliometric analysis, was characterized as applied research and adopted a qualitative-
quantitative approach, focusing on the application of Bl tools in companies, with subsequent
emphasis on the use of Power Bl in construction firms.

The research questions guiding the study were structured in two tiers: Tier 1 (General
Scope): (RQ1) Which BI tools are most frequently applied in organizational management?
(RQ2) Which economic sectors demonstrate the highest adoption of these tools? and
Tier 2 (Specific Scope—Construction): (RQ3) How is Power Bl specifically utilized within
construction company processes? (RQ4) What are the main benefits reported from Power
Bl implementation in this sector? (RQ5) What technical and organizational gaps hinder the
full adoption of Power Bl in construction?

2.1. Eligibility Criteria
For the selection of articles, only those that appropriately met the inclusion, exclusion,
and quality criteria specified in Table 1 were considered valid studies.

Table 1. Eligibility Criteria.

Inclusion Exclusion Quality
CI1: The study presents the . Ca CQ1: Assess whether the
search terms in the title, CEL: The article is methodology applied

keywords, or abstract.

duplicated. produced relevant results.

CI2: Peer-reviewed journal
articles and conference

CE2: The study does not
address the application of

proceedings. BI tools in companies.
CI3: The study was CE3: The study is not
published between 2015 available for
and 2025. full-text access.

Cl4: Studies published in

CE4: The study is not
classified as a

English or Portuguese. primary study.

Source: The Authors (2025).

The inclusion (CI) and exclusion (CE) criteria were defined to ensure the relevance,
quality, and specificity of the studies selected for this research. The first inclusion criterion
ensures that studies are directly relevant to the research topic, thereby reducing the risk of
selecting only tangentially related works. The second inclusion criterion includes only peer-
reviewed journal articles and conference proceedings, thereby ensuring methodological
quality, academic rigor, and the reliability of the evidence reported.

The third criterion established a relevant temporal scope by considering scientific
articles published since 2015. This lower bound was defined because Microsoft Power Bl
was officially launched in 2015 [43], which is directly aligned with the objective of this study:
to reflect on the growing prominence of Business Intelligence tools in the civil construction
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sector and to identify Power Bl as one of the most frequently adopted platforms through
the analysis of tools and application sectors. By setting this temporal boundary, the review
ensures that all analyzed studies address BI solutions within a period in which Power BI
was available and increasingly applied in organizational contexts.

The systematic search across all databases was conducted in September 2025, aiming
to retrieve all studies available and indexed at that time. Consequently, the review reflects
the state of the literature as of the search date.

As the fourth inclusion criterion, language restrictions were applied to include only
publications in English and Portuguese, ensuring consistency in data extraction and mini-
mizing potential biases associated with translation and interpretation.

The exclusion criteria refine the selection process further, narrowing the scope of
studies analyzed. Duplicate studies were excluded to avoid redundancies. Only primary
academic articles that explicitly mention the use of BI tools in companies were considered,
thereby ensuring that the analysis remains focused on the research domain. Lastly, articles
not available in full text were disregarded to provide complete access to the information
necessary for analysis.

The quality assessment was independently conducted by the authors of this study, who
evaluated titles and abstracts against the inclusion criteria. Then, full texts were appraised
for coherence between research objectives, methodology, and reported results. A decision-
rule system assigned a positive or negative assessment, and only studies meeting the
quality criteria were retained. Disagreements were resolved through consensus meetings,
and the reliability of the selected studies was enhanced by prioritizing indexed sources
within the selected databases. The review followed PRISMA 2020 guidelines, with the
complete checklist provided as Supplementary Material.

These criteria were established to select studies that directly address the application of
BI tools in companies, demonstrate methodological quality, are up to date, and provide
sufficient feasibility for detailed analysis.

2.2. Data Sources and Search Strategy

Systematic searches were conducted in three online databases, as shown in Table 2,
considering titles, keywords, and abstracts. All searches were performed using the exact
query string, composed of the terms of interest and Boolean operators, in accordance with
the PRISMA method.

Table 2. Adapted search string for queries in scientific databases.

Basis String

((“"Power BI” OR “Microsoft Power BI” OR “Business
Intelligence” OR “BI” OR “BI Tools” OR “Dashboard”)
AND (“construction companies” OR “construction
industry” OR “construction firms” OR “civil construction’
OR “construction enterprises” OR “Enterprise” OR
“Organization” OR “AEC industry” OR “company”))

((“Power BI” OR “Business Intelligence” OR “Dashboard”)
AND (“construction companies” OR “construction
industry” OR “civil construction” OR “Enterprises” OR
“Organization”))

Scopus; Web of Science

7

ScienceDirect

Source: The Authors (2025).
The search strategy was designed to accommodate a dual analytical scope. Broad

organizational descriptors (e.g., enterprise, organization, company) were combined with
construction-related terms through the OR operator to retrieve studies examining Business
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Intelligence applications across multiple organizational settings, while maintaining ade-
quate coverage of the construction context required for the sector-specific analysis. This
methodological choice was informed by evidence from prior systematic literature reviews,
which indicate a higher concentration of Bl-related studies within the construction sector,
thereby justifying a dedicated second-tier analysis focused on this domain.

Within this framework, the first tier of analysis (Tier 1) offers a cross-sector and cross-
departmental overview of Bl tools and their organizational applications as reflected in the
retrieved literature, without implying universal generalizability beyond the boundaries of
the analyzed corpus.

During the full-text content analysis on the Parsifal platform, these specific topics
emerged as inductive categories, reflecting the diverse departments and business units
within an organization where Power Bl is implemented. Each article was then tagged
according to the specific operational process it addressed, allowing for the mapping of
varied departmental applications presented in the Section 3.

The selection of the Scopus, Web of Science, and ScienceDirect databases was de-
liberate, aiming to ensure the inclusion of peer-reviewed and high-quality publications,
thereby enhancing the reliability and consistency of the analysed evidence. In addition,
ScienceDirect was included due to its strong concentration of publications focused on
engineering and technology, which are central to the theme of this study.

The 67 articles selected via the PRISMA method served as the initial seed set for
the snowballing process. One iteration of backward, which consists of analyzing the
reference lists of the selected articles to identify earlier studies relevant to the topic, and
forward snowballing, which seeks more recent works that have cited those articles, using
Google Scholar. The inclusion/exclusion and quality criteria (Table 1) were applied to these
candidate references, resulting in 14 additional studies. The former expands the review
by retrieving past research, while the latter helps identify current studies and emerging
trends [44]. Google Scholar was used exclusively for the application of the snowballing
technique due to its extensive citation coverage and its capacity to identify both backward
and forward references across multiple sources, thereby enhancing the comprehensiveness
of the review.

The articles were downloaded in BibTeX format and uploaded to the Parsifal platform,
a tool specifically developed to support researchers in conducting systematic literature
reviews [45].

The selection process was conducted in two stages using the Parsifal platform. In the
first stage, two authors independently screened the titles and abstracts of the 3165 retrieved
records against the inclusion and exclusion criteria (Table 1). Any disagreements regarding
the eligibility of specific articles were flagged by the platform and resolved through consen-
sus. In the second stage, the full texts of the remaining articles were assessed by the same
reviewers to ensure data consistency and accuracy in the extraction of variables such as Bl
tools, sectors, and benefits.

Figure 1 presents the Flow Diagram for the systematic literature review process
according to [46].

The process detailed in Figure 1 began with an automated search in the selected
databases, yielding a total of 3165 records using the search string. After removing 711 dupli-
cate records, a screening of titles and abstracts was conducted, resulting in the exclusion of
2362 articles based on exclusion criteria CE2 and CE4, leaving 92 articles. Full-text reading
was then performed, eliminating 25 articles according to CE3. This resulted in the selection
of 67 articles through the PRISMA method, along with 14 additional articles identified
through the snowballing technique, 5 obtained through forward snowballing and 9 through
backward snowballing.
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Figure 1. PRISMA Flow Diagram. Source: The Authors (2025).

The bibliometric analysis was based on publication metadata exported from the Parsi-
fal platform, which supported systematic screening, eligibility assessment, and selection of
studies. The Parsifal database was populated using BibTeX files exported from the selected
scientific databases. Quantitative and qualitative results were analyzed using descriptive
statistics and descriptive bibliometric techniques to identify publication patterns, such as
temporal evolution, geographic distribution, and tool frequency, and to comprehensively
examine the primary forms of application of BI tools in the corporate context. Descriptive
analyses were conducted using Microsoft Excel, and the visual representation of bibliomet-
ric results was generated using Excel and complementary visualization tools (Canva and
Venngage) to enhance graphical clarity.

2.3. Limitations and Future Research

This review acknowledges certain limitations inherent to its methodological design.
The database coverage was restricted to Scopus, Web of Science, and ScienceDirect, which
was a deliberate choice aimed at ensuring the inclusion of peer-reviewed and high-quality
publications. While this decision may have excluded studies indexed in other databases,
it contributes to the reliability and consistency of the analyzed evidence. Language re-
strictions to English and Portuguese were applied to ensure accuracy in data extraction
and interpretation.

From a methodological standpoint, this review followed established systematic re-
view practices, including PRISMA guidelines and complementary snowballing. While
no formal risk-of-bias assessment or protocol registration was conducted, the transparent
reporting of search strategies, inclusion criteria, and screening procedures supports the
reliability and replicability of the review. Future reviews may build upon this work by

https:/ /doi.org/10.3390/buildings16040869


https://doi.org/10.3390/buildings16040869

Buildings 2026, 16, 869

7 of 25

incorporating protocol registration and formal bias assessment tools to further strengthen
methodological rigour.

In addition, the geographic concentration of publications in Brazil, as discussed in
Section 3.1, should not be interpreted as a limitation of the review itself, but rather as an
empirical reflection of where research on Business Intelligence, particularly Power BI, has
been more actively developed within the construction sector. This finding offers insights
into regional research dynamics and practical adoption contexts.

Regarding study design, the predominance of exploratory and descriptive research
reflects the current maturity level of Bl adoption in construction. Given the relatively recent
diffusion of advanced BI tools in this sector, the prevalence of case-study and application-
oriented studies is expected and provides an important foundation for future empirical
and theory-driven research.

Concerning future research, the continuous evolution of Power BI functionalities,
including the integration of Python (v. 3.15) and R (v. 4.5.2) for advanced analytics, sug-
gests that some technical constraints identified in the literature may be transitional. Future
studies are therefore encouraged to move beyond descriptive monitoring applications and
to investigate predictive and prescriptive Bl approaches, particularly Al-driven forecasting
and decision-support systems. Additionally, further research should examine organiza-
tional, cultural, and governance-related factors that influence BI maturity and advanced
analytics adoption in civil construction

3. Results

The results are structured into two complementary layers: a descriptive bibliometric
analysis of the selected publications, followed by a qualitative synthesis of reported BI
applications and challenges.

3.1. Bibliometric Analysis

Initially, the number of articles retrieved from each database can be observed in
Figure 2. The majority of the selected articles were identified in the Scopus database, ac-
counting for 39.50% of the total. This is followed by the Web of Science, which contributed
33.33%, highlighting its relevance and complementarity to Scopus. Google Scholar con-
tributed 17.28% of the articles through the snowballing technique, gathering studies from
diverse sources and broadening the scope of the review. Finally, ScienceDirect accounted
for 9.87%, primarily comprising publications focused on engineering and technology.

14
27
B ScienceDirect B Scopus
Web of Science Google Scholar

Figure 2. Number of articles by database. Source: The Authors (2025).
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Figure 3 illustrates a significant growth in publications starting from 2020. This
upward trend correlates with the global acceleration of digital transformation triggered by
the COVID-19 pandemic, which forced construction companies to adopt remote monitoring
tools. The peak between 2022 and 2024 reflects the maturation of these initiatives, where ad
hoc dashboards evolved into integrated management systems. The continued interest in
2025 suggests that Bl has moved from a ‘novelty’ to a fundamental competency in modern
construction management.

20
15 14
12
7
5
2 1 2 3 I I
i = u B

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Figure 3. Temporal and quantitative analysis of published articles. Source: The Authors (2025).

In 2025, 14 publications were recorded, a number corresponding to the current year of
the present study, suggesting that the volume of research may continue to grow throughout
the remainder of the period. This trend confirms the consolidation of Bl as a relevant theme
and one of increasing scholarly interest.

The analysis of the geographical distribution of scientific production (Figure 4) reveals
the presence of Business Intelligence applications in both developed and developing
countries. In Europe and North America, countries such as the United States, Canada,
Portugal, and the United Kingdom stand out, reflecting their established leadership in
technological innovation and applied research. Notably, developing economies also play
a prominent role, with Brazil exhibiting the highest number of publications, followed
by India, Indonesia, South Africa, Egypt, and Saudi Arabia. This distribution suggests
a growing adoption of Bl in emerging markets, particularly in the construction sector,
driven by the increasing accessibility and cost-effectiveness of digital technologies. In
this context, Microsoft Power Bl emerges as a preferred solution due to its low entry
barriers, often integrated into existing Office 365 licences, when compared to high-cost
enterprise platforms such as Oracle or SAP, making it especially attractive in cost-sensitive
construction markets.

Figure 5 highlights that certain studies stand out for their extensive influence on the
literature on Bl in companies. The articles by [29,47] have 318 and 305 citations, respectively,
establishing themselves as key references in the field. Other notable studies include [48-50],
each with more than 80 citations, further underscoring the significance of these authors in
disseminating BI concepts and applications in the corporate context.
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Figure 4. Geographical distribution of publications. Source: The Authors (2025).
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Figure 5. Most cited articles [29,47-65]. Source: The Authors (2025).

The majority of publications have fewer citations, which in many cases reflects their
recent release and the growing interest of the scientific community in the topic. These
studies contribute to diversifying approaches and updating discussions on the use of Bl

within organizations.
The following section explores the qualitative results of the research, focusing on the

content analysis of the selected articles.
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3.2. Qualitative Analysis

Table 3 presents the articles included in the final phase of the SLR, identified using

the PRISMA method and snowball sampling, after applying the previously established

eligibility criteria. A total of 81 scientific publications were analyzed, obtained from Scopus,

Web of Science, Google Scholar, and ScienceDirect databases.

Table 3. Finals Articles.

Company Sector

BI Tool

Primary Application
Objectives

Authors

Civil Construction

Microsoft Power BI, Python,
QIlik, Oracle, Tableau,
PowerApps, Artificial Neural
Network, Epicore, Onix

BIM-BI integration; Cost &
schedule monitoring;
IoT/Real-time tracking;
Sustainability (LCA); Safety
management; Defect
detection.

[22,28-30,51-56,66-81]

Power B, Tableau, Cognos,
SAP BusinessObjects (BOB),
Oracle BI, MicroStrategy

Operational efficiency;
Production planning;

Manufacturing Industry (based on SAP HANA), Predictive maintenance; [47,82-88]
TIBCO Spotfire, QlikView, Industry 4.0; Space industry
SAS, Microsoft Azure, applications.
Elasticsearch, Kibana
Open government data
Public Institutions and Power BI, Tableau, Pentaho, visualization; Student
SQL Server, Chart.js, performance tracking; Public  [48,89-94]

Education

Microsoft Excel

procurement analysis; Smart
City readiness.

Others (IT, Mining,
Customer Relationship
Management (CRM),
Telecommunications, Port
Sector, IT/Corporate
Governance, Marketing,

Foreign Trade Agriculture)

Power Bl, Python, Tableau,
Chart.js, Star schema

IT Governance; Mining
safety; Telecommunications
signal analysis; CRM;
Agricultural trade

[50,57,58,95-101]

Business Management

IBM SPSS Statistics, Power BI,
Google Sheets, Google Data
Studio, Tableau, SAP, SAAS,
Oracle BI, Tableau, QlickBI,
Microsoft Excel, Python, SAP
BusinessObjects, Microsoft
IBM Cognos, MicroStrategy,
Hadoop, Spark, D3.js, Apache
Flink, and Apache Kafka.

Financial performance;
Strategic KPIs; Risk
management; SME
accounting; Decision
support systems.

[5,49,59,60,102-111]

Health and Pharmacy

Oracle BI, Qlik Sense, Power
BI, Excel, QualDash

Pandemic monitoring
(COVID-19); Patient flow
management; Hospital
resource allocation; Quality
improvement.

[28,61,62,112-115]

Logistics, Retail & Supply
Chain

Power BI, Python, Tableau,
Pentaho, R Studio

Inventory management;
Sales analysis; Customer
behaviour profiling;
Logistics 4.0.

[63,64,116-120]

Source: The Authors (2025).
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The complete characterization of the 81 analyzed articles, detailing authors, specific
titles, databases, and methodological approaches, is available in Supplementary Material S1.
The following section presents the answers to the previously established research questions,
which guided the investigation and structured the data analysis.

3.2.1. Bl Tools Applied in Companies (RQ1)

The main tools applied in company processes identified in the analyzed articles are
presented below. As shown in Figure 6, the BI tools most used in companies are Microsoft
Power BI, Tableau, Qlik, Oracle BI, SAP BusinessObjects, and Pentaho.

Google Data Studio |BM Cognos

Microsoft SQL Server Analysis Services
Elasticsearch

rsudic SAP BusinessObjects
IBM SPSS Statistics oogle Sheets
onTableau ™

Kibana ) I+ /4
Spark

Microsoft Power Bl
e« Qracle BlPentane o
Star schema Q I i kViEW !VIAAiSCrOStI'ategy

EPICORE
Hadoop

Figure 6. Most cited BI tools. Source: The Authors (2025).

Power Bl is the most frequently cited tool in the studies, used primarily to monitor
performance indicators (KPIs), control operational costs, track construction schedules, and
analyze financial results. Its widespread adoption is attributed to its ease of use, integration
with the Microsoft suite, and low implementation cost, factors that make it accessible to
small- and medium-sized companies [29,43,55].

Beyond cost and usability, the dominance of Power BI reflects a phenomenon of
‘Data Democratization’ in the construction sector. Unlike legacy systems as Oracle Bl and
SAP that require specialized IT teams [15-17], Power Bl empowers engineers and project
managers to act as ‘citizen developers’. This lowers the barrier to entry for SMEs but
introduces challenges regarding data governance and standardization, as non-technical
users create decentralized dashboards without rigorous validation.

Tableau and Qlik stand out among organizations seeking visual analytics and interac-
tive data exploration, particularly for comparing departmental performance, identifying
bottlenecks in production processes, and monitoring real-time data. These tools enable
the development of dashboards through visual charts, facilitating the interpretation and
cross-analysis of variables such as cost, time, and productivity across different business
units [49,106], thus promoting greater agility in corporate management.

In large companies, there is a preference for more comprehensive corporate solutions
such as Oracle BI and SAP BusinessObjects, employed for financial performance control,
risk management, profitability analysis, and auditing [47,60]. These tools offer advanced
data governance features and integration with ERP systems, enabling the consolidation
of information from different departments into a single platform. However, their high
licensing costs and technical complexity limit their adoption in smaller companies and in
sectors with low digital maturity.

Pentaho, in turn, is used in industrial and technology-oriented companies for pro-
duction control, quality management, and monitoring the performance of machines and
processes [86,90]. In addition, complementary tools such as Google Data Studio, Python,
and R Studio have been used alongside other platforms for predictive analyses, such as
demand forecasting, inventory optimization, and projections of future sales [17,67].
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The consolidation of BI tools within companies demonstrates a trend in management
practices, as these tools have evolved from simple visualization instruments to integrated
systems for analyzing and controlling corporate metrics [55,66,121]. Thus, it is observed
that the adoption of these tools varies according to the application area and the company’s
maturity level, an aspect that will be further discussed in the next section.

3.2.2. Sectors Benefiting from the Application of BI Tools (RQ2)

Among the most frequently mentioned business sectors are Construction, Business
Management, and Manufacturing, which concentrate the largest investments in data visu-
alization, system integration, and performance control, as shown in Figure 7.
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Figure 7. Sectors of BI application. Source: The Authors (2025).

In the Construction sector, tools such as Microsoft Power BI, Tableau, and Qlik Sense
are used in combination with BIM (Building Information Modelling) to monitor costs,
schedules, sustainability indicators, and productivity [65,76,80]. This integration has en-
abled a more predictive view of construction projects, reduced delays, and increased
operational efficiency.

In Business Management, tools such as SAP BusinessObjects, Oracle BI, and IBM
Cognos are used to monitor financial performance and control budgets [43,55,102]. In the
Manufacturing Industry, as reported in eight publications, systems such as Power Bl and
Tableau predominate in production management, predictive maintenance, and quality
control [66].

Other sectors, such as Health, Education, Public Institutions, and Supply Chains, have
used tools such as Google Data Studio, Zoho Analytics, and Looker to visualize efficiency
indicators, inventory management, and service performance [60,89,107].
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Overall, the increasing use of Bl across business sectors reflects a consistent trend
toward digitalization. As observed, this trend is particularly prominent in the construction
sector, especially with the widespread use of Power Bl in its processes.

Crucially, the prominence of the Construction sector in these results, as shown in
Figure 7, should be interpreted with caution. It likely reflects a concerted academic effort to
address the industry’s historical lag in digitalization rather than implying that construction
has achieved a higher level of BI maturity than data-native sectors like Finance or Retail.
The high volume of publications indicates an “adoption phase’ where researchers are testing
proofs-of-concept, contrasting with sectors where Bl is already a consolidated commodity.

3.2.3. Power BI Applications in Construction Companies (RQ3)

The analysis of the studies shows that Power Bl is the most frequently used BI tool in
the construction sector, with applications across different stages of the project life cycle. As
shown in Figure 8, its use is concentrated in design and planning (7 studies), construction
management (5), and sustainability (3), in addition to complementary areas such as safety,
budgeting, IT, procurement, and human resource management.

B Projects

M Construction Management

B Information Technology
Procurement

M Occupational Safety

M Sustainability

B Budgeting

Human and Organizational
Development

Figure 8. Processes within the construction sector in which Power BI is applied. Source: The
Authors (2025).

In the domain of Planning and Scheduling, Power Bl integrates with BIM (Building
Information Modelling) and Primavera/MS Project data to analyze costs, project schedules,
and the performance of construction models. Within the Construction 4.0 framework, these
integrations represent a shift from static Gantt charts to dynamic dashboards [30,55,76].
By linking BIM models with Power BI, companies can visualize deviations in the critical
path and track the Schedule Performance Index (SPI) in real-time, allowing managers to
anticipate delays before they impact the final delivery date.

The integration of Power BI with BIM represents the application cluster identified
in this review. Studies indicate that Power BI serves as a bridge for the ‘Information’
component of BIM, enabling the visualization of non-geometric parameters, such as cost
estimates, sustainability metrics (LCA), and facility management data, that are often buried
within complex BIM authoring tools [29,76,77]. This symbiosis aligns directly with the goal
of sustainable building performance prediction, as it allows managers to track real-time
deviations against the planned BIM baseline.
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By linking BIM models with Power BI, companies overcome the visualization limi-
tations of native BIM software, democratizing access to semantic data for non-technical
stakeholders. Furthermore, recent studies demonstrate that integrating Power BI with
IoT sensors and UAV data facilitates the creation of rudimentary Digital Twins. In this
configuration, Power Bl acts as a dynamic interface that superimposes real-time physical
data onto the digital model, enabling proactive monitoring of safety and progress. In
construction management, the tool is used to monitor productivity, resource utilization,
and physical progress through real-time dashboards that integrate data from UAVs, sensors,
and control systems [52,65,122].

In sustainability initiatives, Power Bl supports life-cycle and energy-efficiency analyses,
enabling the visualization of environmental impacts and performance indicators [75,77,80].

Regarding Risk Management, the literature highlights the use of Power BI to reduce
uncertainty in decision-making. Studies such as [109] demonstrate how dashboards can
visualize risk registers and probability-impact matrices, allowing managers to prioritize
mitigation actions based on data rather than intuition. In this context, Power Bl acts as a
centralizing interface that aggregates risk indicators from various project phases, preventing
critical threats from being overlooked in complex data environments.

Other authors explored applications related to occupational safety [74], budget con-
trol and procurement [71,78], information management [69], and organizational develop-
ment [79]. In all cases, Power Bl stands out for its ability to integrate data and transform
it into dashboards, strengthening decision-making and organizational culture within con-
struction companies.

3.2.4. Benefits of Applying Power BI (RQ4)

The analysis of the studies indicates that Power Bl has contributed to processes within
construction companies, particularly in data integration, operational efficiency, and decision
support, as shown in Figure 9. Among the articles examined, data integration was the most
frequently reported benefit, appearing in eight studies, highlighting Power BI’s ability to
integrate diverse databases and consolidate them into a unified structure, including data
from BIM, GIS, the Microsoft Office Suite, sensors, and corporate systems [51,55,65,76]. This
integration enhances communication between technical and management teams, reducing
inconsistencies and strengthening control over sector indicators [30,75].

8
5 6
I I
Process Data Accuracy Decision Operational ~ Data Integration
Automation Support Efficiency

Figure 9. Power BI's benefits. Source: The Authors (2025).

The studies also highlight gains in operational efficiency [22,53,58,61,111], with the
use of dashboards to monitor project progress, resources, and productivity in real time,
optimizing planning and reducing rework. In parallel, process automation, reported by [50],
demonstrates the potential of combining Power BI with PowerApps to digitize manual con-
trols and accelerate administrative workflows. At the same time, the study of [113] empha-
sizes improvements in data accuracy for quantity estimates and automated measurements.

Finally, five studies emphasized the role of Power Bl in decision support demonstrating
its relevance for interpreting risks and projecting sustainability scenarios [80,98,110,114].
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Overall, the reviewed articles corroborate that Power BI, as a Business Intelligence tool,
has contributed to improved management by providing relevant information to process
stakeholders. However, a critical analysis of the reported benefits reveals opportunities for
improvement, which are discussed in the following section.

Specifically, the evidence indicates a dichotomy between descriptive and predictive
capabilities. While studies frequently refer to “decision support,” most Power Bl appli-
cations remain restricted to descriptive analytics, such as dashboards monitoring “what
happened” in terms of costs and schedules. Empirical evidence of predictive analytics,
using collected data to forecast risks or simulate future scenarios through Al, remains
scarce. This suggests that although Power BI effectively visualizes the current project status,
the transition towards prognostic management within the Construction 4.0 context remains
at an early stage.

3.2.5. Gaps Identified in the Use and Implementation of Power Bl in Companies (RQ5)

Despite significant advances in the adoption of Power Bl in the construction sector,
the reviewed studies reveal technical, operational, and organizational weaknesses that still
hinder its full use. Figure 10 summarizes the main gaps identified: interoperability issues
between BIM and BI, lack of data standardization, insufficient automation of information
collection, deficiencies in technological infrastructure, and user resistance.

M Finandial barriers
® Non-standardized data

" Lack of automation in data
collection

Absence of well-defined KPIs
¥ Interoperability problems

M Limitations in technological
infrastructure

B Interoperability problems
between BIM and BI

M Lack of training and user
resistance.

M Limited visualization

m Data integration

Figure 10. Power Bl’s gaps. Source: The Authors (2025).

Among these gaps, interoperability between BIM and BI is the most frequently en-
countered challenge. Authors such as [56,64,65,76] point out that automating the extraction
of data from BIM models for integration with Power BI remains slow and labor-intensive
due to format incompatibilities, the absence of standardized APIs, and the need for manual
data conversion. This technical limitation prevents continuous information flows and
hinders BI from achieving its full analytical capacity, making reports dependent on human
adjustments and reducing the reliability of dashboards.

In addition, several authors [52,66,69] indicate that the lack of automation and data
standardization, combined with undefined performance indicators (KPIs), restricts the
potential of Power BI, keeping its use mostly descriptive. In parallel, human and organiza-
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Action: Break down silos (ERP vs.
Spreadsheets).
Goal: Standardise data entry and

tional issues, such as lack of training, user resistance, and insufficient qualified technical
staff, were also reported [51,79].

These factors reinforce a central point highlighted by multiple studies: no BI tool
can operate at its full capacity without well-defined internal processes, consistent data,
and trained professionals. Without these foundational elements, information management
becomes fragmented, limiting the ability of BI to generate knowledge and serve as decision
support. Thus, the successful use of Power Bl in the construction sector depends less on
the tool itself and more on companies’ digital and informational maturity, which requires
standardization, interoperability, and an integrated analytical culture.

3.2.6. Practical Implications

To guide practitioners in overcoming the identified barriers, specifically data fragmen-
tation and cultural resistance, this study proposes a four-stage implementation roadmap,
illustrated in Figure 11. This roadmap is not prescriptive but synthesizes recurring success
factors and implementation patterns identified across the reviewed case studies.

Descriptive Analytics (Reporting)

START

s Foundation
validation schemas. Data Governance Action: Define specific metrics for cost,
schedule, and safety.
Goal: Avoid "dashboard fatigue" and
St align with strategic goals.
Action: Link BIM models (3D) + IoT KPI Definition

Sensors + ERP via Power BI.

Goal: Enable Real-time Monitoring &

Digital Twins. .
Integration
The CDE Layer . . . .
Action: Train engineers as 'Citizen
Developers'.
Goal: Reduce resistance and enable
Culture self-service analytics.

Data Literacy

Tl

Predictive Analytics (Forecasting)
Figure 11. Roadmap for Power BI Implementation in Construction 4.0. Source: The Authors (2025).

This framework synthesizes the success factors observed in the reviewed case studies
and offers a structured path towards Construction 4.0 maturity:

Phase I: Data Structuring and Governance (The Foundation). The review highlighted
that lack of standardization is a primary failure factor [48,58,118]. Therefore, the first step
is not software acquisition but data governance. Companies must integrate disparate
sources (ERPs, legacy spreadsheets, and financial software) into a structured data ware-
house [57,63,73,97]. As consistently reported in the reviewed studies, digital transformation
requires rethinking internal processes to ensure that data feeding Power Bl is consistent,
validated, and error-free [55,64,89,113,123].

Phase II: Strategic Alignment of KPIs. To avoid dashboard fatigue, where managers
are overwhelmed by irrelevant data, implementation must be driven by strategy, not tech-
nology. As noted by [65,120], reducing data overload through selectivity and customization
is essential to maintain user engagement and ensure accurate data interpretation. Based
on the findings, it is crucial to define Key Performance Indicators (KPIs) before dashboard
design, ensuring alignment with organizational strategy. For instance, studies by [66,67]
demonstrate the utility of defining specific metrics like the Schedule Performance Index
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(SPI) and the Cost Performance Index (CPI) to monitor project health effectively. This
ensures that visualizations directly support specific organizational goals, such as waste
reduction or timeline adherence [54].

Phase III: Construction 4.0 Integration (CDE & Digital Twins). This phase addresses the
critical interoperability gap identified in the reviewed case studies [55,70,78]. Practitioners
should leverage Power Bl's API capabilities to serve as the visualization layer of the Com-
mon Data Environment (CDE). Advanced implementation involves linking semantic data
from BIM models with dynamic feeds from IoT sensors and UAVs [122]. This integration
enables the creation of Digital Twins, allowing managers to transition from static monthly
reports to real-time monitoring of physical progress and facility management [121].

Phase IV: Cultural Democratization (Citizen Developers). Training empowers stake-
holders to solve specific site-related problems autonomously, fostering a bottom-up culture
of data-driven decision-making. As noted by [113], modern BI tools require only limited
training to be effectively used by non-specialists, thereby reducing dependency on IT
departments and associated operational costs. Similarly, according to [84], the active partic-
ipation of employees in defining their own KPIs promotes a strong culture of responsibility
and continuous improvement, ensuring greater commitment to organizational goals. To
sustain this culture, as noted by [106], organizations must prioritize proficiency by training
personnel to interpret data for decision-making, which drives community-led continuous
improvement. In this context, as argued by [5], identifying skills gaps and implementing
upskilling programs are essential steps for adapting the workforce to the technological
profiles required by Industry 4.0. To mitigate user resistance and address skills gaps, firms
should adopt a Citizen Developer strategy. Given the low-code nature of Power BI, non-IT
professionals, such as civil engineers and site managers, can develop their own analytical
solutions, with investments in data literacy further empowering stakeholders to address
site challenges autonomously.

Although the roadmap is illustrated through Power B, its phased structure is transfer-
able to the implementation of other BI platforms in construction contexts.

4. Discussion
4.1. Dominance of Power Bl in Relation to Prior BI Literature

The prevalence of Microsoft Power Bl observed in this review reflects broader tenden-
cies identified in the Business Intelligence literature toward the adoption of more accessible
and user-oriented analytical platforms. Earlier studies on Bl implementation have often
focused on enterprise-scale solutions such as SAP BI, Oracle BI, or SAS, typically charac-
terized by high implementation costs, strong dependence on specialized IT teams, and
centralized analytical structures [124-126]. In contrast, the evidence reviewed suggests
an increasing preference for platforms that enable decentralized data analysis and greater
managerial autonomy.

Within the construction sector, according to [127,128], this shift appears to be closely
associated with contextual constraints, including fragmented data environments, project-
based organizational structures, and limited investment capacity. Rather than indicating
technological superiority per se, the prominence of Power Bl may therefore be interpreted
as a response to sector-specific operational realities. This observation is consistent with
prior research highlighting the importance of organizational fit in the adoption of digital
technologies, suggesting that BI platform selection is influenced as much by usability and
integration flexibility as by analytical capabilities [129,130].

In this context, rather than emerging as a fully integrated layer, BI in civil construc-
tion currently occupies an intermediate position within the broader Construction 4.0
agenda [39,131]. Although the literature increasingly associates Construction 4.0 with
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real-time data integration and intelligent decision support, the reviewed studies reveal
that BI tools are most often used to consolidate and visualize information after events have
occurred. This suggests that, in many cases, Bl adoption follows digitalization efforts rather
than actively shaping them.

Comparative studies on digital transformation in construction have long pointed to
this sequencing problem, in which technologies are adopted in isolation rather than as
part of a coherent data strategy. The findings of this review reinforce that observation by
showing how BI tools frequently operate alongside BIM, ERP, or IoT systems without fully
exploiting their analytical synergies. As a result, the promise of Construction 4.0 as a data-
driven management paradigm remains only partially realized in current BI applications.

Furthermore, the review reveals that the entrepreneurs’ choice of a Bl approach is
primarily driven by a trade-off between accessibility and governance. As noted by [65], the
lack of specialized skills often discourages the use of platforms, driving the selection of
user-friendly tools that reduce data overload and support appropriate interpretation, For
Small- and Medium-sized Enterprises (SMEs), the decision is guided by cost-effectiveness
and ease of integration with existing tools (e.g., Office 365), unlike competitors such as
Tableau, Power Bl requires no programming skills and integrates seamlessly with the
Microsoft ecosystem, making it a preferred entry point as also evidenced in the small
retail case study by [119]. Conversely, large enterprises often prioritize robustness and
centralized data governance, opting for legacy platforms like SAP or Oracle despite higher
costs [57]. Thus, the selection of a BI tool is not merely technical but strategic, reflecting the
organization’s specific digital maturity and investment capacity.

Finally, it is worth noting that the construction sector is highly practice-oriented, mean-
ing that innovations and practical case studies are often disseminated through industry
newsletters, trade magazines, and local professional journals, known as grey literature,
rather than indexed academic channels. While these sources fall outside the scope of
Scopus and Web of Science databases, selected here to ensure methodological rigor, they
represent a layer of information that often captures the immediate state of practice faster
than peer-reviewed journals. Therefore, the academic literature analyzed in this review
represents the consolidated theoretical body of knowledge, which may lag slightly behind
the rapid, informal experimentation occurring on construction sites.

4.2. Descriptive vs. Predictive BI: Confirming or Extending Prior Findings

The widespread reliance on descriptive dashboards raises important questions about
how decision support is conceptualized in construction organizations. While performance
visualization undoubtedly enhances transparency and managerial awareness, it does not
necessarily alter decision-making logic. The evidence reviewed suggests that Bl is often
used to confirm known problems, such as cost overruns or schedule delays, rather than to
anticipate or prevent them [132].

This tendency aligns with what [133] argues: predictive analytics requires not only
appropriate tools but also stable data pipelines, analytical expertise, and organisational
willingness to act on probabilistic insights. Despite the technical availability of advanced
analytics within platforms such as Power BI, their limited use suggests that construction
firms continue to prioritise control and reporting over experimentation and forecasting,
a pattern also identified by [134]. Consequently, the progression from descriptive to
predictive Bl appears to be gradual and uneven, reflecting broader patterns of analytical
maturity in the sector.

Beyond these limitations, the reviewed literature consistently highlights organisational
and governance-related factors as influential in shaping BI outcomes. Challenges such
as data fragmentation, lack of standardised processes, limited interoperability between
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systems, and user resistance recur across different organisational and geographic contexts,
a pattern also identified in the systematic literature review conducted by [135]. These issues
suggest that Bl implementation challenges in construction are not isolated cases but rather
reflect broader structural characteristics of the sector.

Previous studies have emphasized the role of data governance, organizational culture,
and skills development in enabling effective use of analytical tools. The synthesis provided
by this review reinforces these arguments by showing that, in the absence of coherent
governance frameworks and analytical capabilities, BI tools tend to reinforce existing
practices rather than support more advanced forms of decision-making. Consequently,
organizational readiness emerges as a critical condition for translating BI adoption into
meaningful analytical use.

Furthermore, the literature reveals, according to [70,84], a gap regarding the inte-
gration of Artificial Intelligence (AI). While the synergy between Al and BIM is theoret-
ically established for predictive maintenance and automated scheduling, the reviewed
applications of Power Bl are predominantly descriptive (hindsight) rather than predictive
(foresight) [74,82]. The findings suggest that the sector is currently in a transitional phase:
companies are using BI to structure their data ecosystems, a prerequisite, before they can
effectively deploy Al algorithms for predictive analytics. Thus, Power BI currently acts
as the data aggregator that will eventually feed AI models in a mature Construction 4.0
environment [88].

5. Conclusions

This systematic literature review analyzed 81 articles to examine the landscape of
Business Intelligence (BI) tools in organizations, with a specific focus on the application
of Microsoft Power Bl in civil construction. The findings reveal a clear predominance of
Power BI as the most frequently adopted Bl solution, followed by Tableau and Qlik Sense.
In the construction sector, Power Bl is mainly used to integrate heterogeneous data sources
supporting the monitoring of costs, schedules, and physical progress.

Despite the reported benefits in terms of operational efficiency and improved decision-
making, the review indicates that most BI applications in construction remain limited to
descriptive analytics, focusing on reporting and monitoring past performance rather than
enabling predictive or prescriptive decision support.

From a practical standpoint, the results indicate that digital transformation in construc-
tion cannot be achieved solely through the acquisition of BI software licences. Effective
Power Bl implementation requires foundational investments in data governance, process
standardization, and organizational culture. Construction managers should prioritize data
quality and interoperability before dashboard development to ensure reliable results.

Within the Construction 4.0 context, the integration of Bl platforms with a Common
Data Environment (CDE) emerges as an enabler for more advanced applications, such as
Digital Twins. Such integration can enhance real-time monitoring and responsiveness to
deviations in cost, schedule, and productivity at the project level.

From an academic perspective, this review identifies a significant research gap related
to interoperability between BI and construction-specific digital technologies. The literature
frequently reports the need for manual data handling to connect BIM and BI systems,
underscoring the lack of automated interfaces, standardized data schemas, and robust APIs.

Moreover, there is a clear scarcity of studies investigating the progression from de-
scriptive Bl dashboards towards predictive and Al-driven analytics in construction. Future
research should explore how Machine Learning and Generative Al techniques can be
embedded within BI platforms to support risk forecasting, scenario analysis, and proactive
decision-making, thereby advancing analytical maturity within Construction 4.0.
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This review acknowledges limitations related to the concentration of empirical studies
in specific geographic regions as well as the restriction to selected academic databases.

Future research should expand the scope of analysis through cross-country compar-
ative studies and investigate the long-term return on investment (ROI) of BI adoption,
especially in small- and medium-sized enterprises (SMEs). Longitudinal studies are also
recommended to assess how Bl maturity evolves in construction organizations.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/buildings16040869 /s1, PRISMA-S checklist [136]; Table S1: Full
version of Table 3.
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