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Abstract. The built environment has a significant role in ecosystems and resource depletion.
Therefore, its transition from linear into the circular economy (CE) is critical yet still
progressing. While research on CE in the built environment (BE) is growing, an in-depth
understanding of facilitators as digital technologies (DT) is required to accelerate its
implementation. Investigating these digitalization efforts, considering the regional variations of
developed and developing economies, needs to be deepened. This study aims to demonstrate
state-of-the-art CE research, providing insight into how digital technology preferences evolved
through regional context as a facilitator in the built environment. For this purpose, 80 articles
were assessed by (i) descriptive and (ii) thematic analysis through a systematic literature review
(SLR). The descriptive analysis highlights the trends in the literature on CE-enabling DT in the
built environment. The thematic analysis indicates the prominent DT to facilitate the transition
with a link to the regional context and related variations. The results identify integrated DT in
CE studies and their relevance to the economic levels of several countries, and they show
research gaps to guide future research. This study contributes to an emerging field of research at
the nexus of the built environment, the circular economy, and digital technology by mapping
regional research tendencies.

1. Introduction

The increasing use of natural resources accelerated by rapid population growth, and urban development,
coupled with their associated environmental impacts causes serious stresses on climate and ecosystems.
For more than a decade, over half of the world's population has been concentrated in urban built
environments, and it is expected to reach 68 % by 2050 [1]. The current growth rate of the global urban
extent has increased six times since 1992 [2]. Providing the basic services and infrastructure for the
expanding population and considering the environmental, economic, and social issues has become an
important challenge for the cities.

In 2020, the construction industry, as the primary driver of the expanding urban environment, is
responsible for 36% of worldwide final energy consumption and 37% of energy-related CO2 emissions
[3]. As a result of these trends, global consumption of building materials has increased approximately
three times in the last 20 years [4]. Global materials use is projected to more than double from 2011 to
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2060 in a best-case scenario, in anticipation of a structural change in the economy and advances in
technology slowing the future materials use despite production growth [5]. Although the construction
industry is the largest consumer of natural resources and has the greatest environmental impacts
regarding sectoral shares, the built environment also has the potential to reduce these impacts and
resource depletion through innovation and new economic models [6]. Thus, the built environment is a
central target for circular economy (CE) practices and sustainable development goals. CE is referred to
be a diverse-rooted concept mainly from the ecological economy, industrial ecology, and cradle-to-
cradle theories [7]. Today, there are various definitions of the circular economy concept in literature,
and most of them are from the last decade reflecting that it is a newly progressing field [8]. Among these
definitions, The Ellen MacArthur Foundation's [9] description of the circular economy concept has
generated a milestone as the one broadly referred to in the literature. It defines the concept as a
“restorative and regenerative industrial system” aiming to change the current “end of life” practices
upon the prevention of waste and environmental impacts through innovative design and business
models.

Over the last decade, growing interest in the CE concept aiming a shift from the current linear
economic system depending ‘take, make, dispose’ pattern, to a circular economic system focusing on
“closing the loop” flow, is a result of its recognition as a prerequisite to achieving sustainable
development across different sectors [10]. Global and national policies also affect trending circular
economy studies as the EU Circular Economy Action Plan [11] adopted in 2015 and revised in 2020
(regarding increasing pressure on resources), national targets of countries like the UK, Norway,
Netherlands, and Chinese Circular Economy Promotion Law [12,13]. Enablers are required to speed the
transition to the circular economy under time and resource scarcity constraints. A broad consensus exists
on the significance of digital technologies are promising enablers for circular economy [14-16].
Therefore, there is growing research interest in the potential of emerging digital technologies to highlight
relations between digital functions and circular economy strategies [17].

The built environment is highlighted as one of the critical fields to accelerate its transition to a
circular economy in the EU Circular Economy Action Plan 2020 [18]. In the last three decades, a
significant effort in the sustainability of the built environment has been progressed through the national,
and regional policies, regulations, and certifications to control energy and resource consumption and to
reduce associated environmental, economic, and social impacts. Scientific research targeting CE
transition in the built environment is exponentially growing after 2015. There are significant efforts to
map current research trends by defining research into categories and highlighting potential research
areas [19-24].

Gasparri et al., 2023 conducted a recent and the most comprehensive SLR study to map and
synthesize the reported knowledge gaps in the CE-built environment literature [25]. Among these
dimensions, the technological aspect appears to be the most prominently emphasized subject that
requires more research in the future. Digitalization is determined as one of the technological research
priorities to enhance the utilization of digital tools, technology and platforms to expedite the adoption
of circular economy practices.

Digital technology encompasses various tools, systems, devices, and resources that generate, store,
or process data and has the potential to enable the implementation of circular economy strategies such
as regenerating, narrowing, slowing, and closing resource loops in the built environment [17,26,27]. In
a limited number of previous studies, digital technologies that could facilitate the circular economy in
the built environment have been demonstrated as additive/robotic manufacturing, artificial intelligence,
big data and analytics, blockchain technology, building information modelling, digital
platforms/marketplaces, digital twins, geographical information system, material passports/databanks,
and the internet of things [28-31]. Regarding the pressure on the built environment to minimize its
impacts and the need for urgent transition, enablers of CE in the built environment, and the role of digital
technologies are not broadly studied yet.

This study aims to demonstrate the state-of-the-art CE research providing insight into digital
technologies in enabling a circular built environment through a systematic literature review, with a
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regional perspective. While there is a growing number of studies in the framework of circular economy
and digitalization, there is also a gap for a comprehensive systematic literature review on the circular
economy, built environment, and digital technologies intersection across countries and economies. This
study elaborates on the distinctions that emerge in CE digital technologies (DT) research by mapping
current research tendencies and defining the relationships between digital technologies, and
countries/economies.

The structure of this paper consists of five sections. Following this Introduction (Section 1),
Methodology (Section 2) presents the research design and a systematic literature review method. Results
and Discussion (Section 3) provides a detailed evaluation of the results from descriptive and thematic
analysis and discusses the findings and Conclusions (Section 4) gives limitations, directions on potential
research areas and elaborates on final research outcomes and contributions.

2. Methodology

A systematic literature review utilizing explicit and transparent protocols was conducted to present state-
of-the-art literature on digital technology integrations in the circular built environment (CBE) through
descriptive and thematic analysis, with a special focus on the implementations in the theme axis of the
circular built environment. This systematic review methodology is outlined based on Briner and Denyer
2012°s key steps of review as “planning the review, locating studies, appraising contributions, analysing
and synthesizing information, and reporting” [32] and de Almeida Biolchini et al., 2007’s simplified
three-step approach [33]. As shown in Figure 1, Munaro et al. 2020 interpret these steps like planning,
processing, analysis, and results that are also followed in this study as four key phases of review protocol
[6]. The details of the review protocol of this study are illustrated in Figure 2.

Temporal Evaluation / Document
Tvpes/ Authors / Source Types/

Circular Economy Overview /7 Descriptive Analysis Affiliations / Geographic Origins /
c s Keywords
Built Environment S}:stanauc.l.rterarme Data Collection -
Review \ CE Digital Technologies
Digital Technologies Data Analysis Thematic Analysis CE Digital Technologies by Countries
) CE Digital Technologies by
Economies

Figure 1. Systematic literature review process flow derived from Munaro et al. 2020.

Planning phase:

The planning phase begins with the setting of the research background. A review of the previous
studies to refine the problem description and review question that will be central to all research protocol
is crucial. The SLR protocol provides a transparent guideline in the execution of each step of the
systematic literature review with a clear definition of the contents [33]. This review aims to provide
insight into the role of DT in enabling a circular built environment through a literature review and to
highlight differentiations based on geographical origin. From this point on, the research question is
defined as follows: “What distinctions emerge when comparing research into digital technologies that
aid the circular economy strategy in the built environment across countries and economies?” and
keywords to be used in the next steps are generated from this review question as circular economy, built
environment, and digital technology.

Processing phase:

Database selection is the first stage of the processing step. Regarding previous reviews on circular
economy and built environment database preferences; [13,20,21,34] Web of Science, Scopus, and
Science Direct databases are commonly used due to their extensiveness as interdisciplinarity,
international scope, and peer review articles. This study uses the Scopus database for scanning previous
literature and the search is executed within the “Article title, Abstract, Keywords” fields. The literature
obtained was accessed till April 2023 by a search string generated for this research:
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"circular economy” AND “digit*” AND (“built*” OR “construct®” OR “build*")

Search keywords are determined in line with the research questions given in planning section.
Considering the novelty of the concept of (CE) and (CBE), the objective is to include a broad spectrum
of studies that specifically focus on digital technologies, as intentionally identified by their respective
authors.

When this Boolean search was applied to the Scopus Database without any filter, 275 documents
were retrieved. While conducting a systematic literature review, it is expected that the rules for
inclusion/exclusion be clearly established as shown in Figure 2. According to the inclusion/exclusion
rule of this study, documents retrieved are refined; without a timeframe, including journal and
conference proceedings in the type of article and review-only available in the English language. As a
result, the number of documents was revised to 206 and 69 documents were excluded.

— Defining SLR Steps

What distinctions eterge when comparing research into digital technologies that aid the circular economy strategy in

Planming the built environment across countries and regions?
The aim ofthis study is to demonstrate state-of-the-art CE research providing insight into digital technologies in
enabling a circular built environment through a systematic literature review, with a regional perspective.
—
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Figure 2. Implementation of the research protocol in detail.

The evaluation phase assesses the quality of the pre-identified articles, focusing on the title and
abstract sections' eligibility in terms of relevance to the scope of this study. Articles containing keywords
given in the search string, but do not match with this study’s research field are excluded and 80 articles
are defined for the final data extraction by full-text evaluation.

Analysis phase:

Descriptive and thematic analysis are two main dimensions of the analysis phase that sub-steps are
determined upon a set of criteria in Figure 2. In systematic literature reviews, descriptive analysis, as a
quantitative method, is commonly used to describe the data from the literature in a simplified language,
measuring data frequency and central tendencies [35]. Title, article type, author, year, source, affiliation,
geographic origin and keywords are assigned criteria for the descriptive stage of this study. The thematic
analysis provides a simplified understanding of the problem by clustering keywords into sub-groups of
sets associated with digital technologies. Number of keyword cluster occurrences are assigned into
related country and economy labels and a distribution map provided. Thematic analysis covers 3 main
thematic axis that are “CE digital technologies”, “DT by countries” and “DT by economies”. Each
thematic analysis is discussed under the respective sub-sections.
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3. Results and discussion: Analysis of the literature

The results were categorized into two distinct parts; descriptive analysis, and thematic analysis. The
descriptive analysis provides a contextual background with statistical data and the thematic analysis
presents categorical and relational aspects of the research subject.

3.1. Descriptive analysis

This section provides an overview of the publications in the field, focusing on structural dimensions
such as bibliometric data. The analysis criteria used are presented in Figure 2, which includes
information on the publication trend over the years, types of articles, authors, sources, affiliations,
geographic origins and keywords.

3.1.1. Publication Trends

Based on the analysis of prior holistic reviews on CE in built environment, it can be posited that the
circular economy represents a novel paradigm in the realm of sustainable development that earliest
references dating back to the first decade of the millennium, and research in this area has experienced a
significant surge since 2016 [6,20,21,24].

Studies regarding CE in built environment focusing on or referring to digital technologies (DT)
started emerging in 2019. The number of yearly publications is demonstrated to better illustrate
exponential growth in recent years in Figure 3.

The assessment of the 80 filtered publications showed that there is an increasing recognition within
the field of research in line with the number of publications between 2019 and 2023, respectively, from
6 articles in 2019 to 11 articles in 2020 and 28 articles in 2022. As of the time of this review, it is
important to note that a total of 14 research articles have been published until 12 April 2023 of the year
2023. This demonstrates the increasing interest of the scientific community in incorporating digital
technologies in circular building practices.
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Figure 3. Yearly publications from 2019 to 2023.

3.1.2. Document types, authors

The 80 analysed publications included 45 articles (56.3 %), 26 conference papers (32.5%), and 9 reviews
(11,3 %). These articles have been contributed by 160 authors. De Wolf C. from Switzerland was the
most prominent author with 4 publications on the frameworks for the assessment of the building stock,
Level(s), and automation of deconstruction through digital technologies. The following 5 authors;
Biancardo, S.A.(ltaly), Honic, M.(Austria), Kovacic, L.(Austria), Oreto, C.(Italy), Veropalumbo, R.
(Italy), contributed 3 publications respectively focusing on the integration of DT to circular practices
on the built environment mainly as digital platform development, assessment of the building stock, BIM
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supported resource management and BIM-LCA integration. These authors are also in collaboration with
each other within two research groups.

3.1.3. Sources

Journals that center on the topics of sustainability and digital technologies serve as foundational
platforms for publishing works that explore the intersection of circular economy in the built environment
and digital technologies. A total of 80 articles have been published across 40 different sources,
encompassing both scientific journals and proceedings. Table 1 presents a comprehensive overview of
the initial 9 sources that have published multiple articles, arranged in ascending order based on the
frequency of their publications.

Table 1. Quantitative data of sources included in the SLR with more than 1 publication.

Sources Number of Total Cite SJR
Publications Citations Score
IOP Conference Series Earth and 9 35 0.8 0.197
Environmental Science
Buildings 6 72 31 0.605
Journal of Cleaner Production 6 269 18.5 1.981
Sustainability Switzerland 5 83 5.8 0.664
Automation in Construction 4 80 16.7 2.443
Resources Conservation and Recycling 4 74 20.3 2.682
Building and Environment 3 37 11.3 2.229
Proceedings of the International 3 1 0.8 undefined

Conference on Education and Research

in Computer-Aided Architectural

Design in Europe

Proceedings From the International 2 0 0.1 undefined
Congress on Project Management and

Engineering

Instead of a journal, the "IOP Conference Series Earth and Environmental Science" proceedings
stand out as the source with the most extensive collection of publications. This achievement holds
particular significance as it reflects the growing prominence of an emerging field. The journals
"Buildings" and "Journal of Cleaner Production”" have each published a total of 6 articles. The "Journal
of Cleaner Production" has the highest number of total citations.

3.1.4. Affiliation

Publications are associated with 143 institutions, with Delft University of Technology being ranked first
via 14 publications and 217 citations. ETH Zurich and Universita degli Studi di Napoli Federico II are
recognized as highly productive universities in the respective field. The University of Hong Kong ranks
second in terms of citation count. The Table 2 provides a list of institutions that publish extensively on
circular economy and digital technologies in the built environment.
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Table 2. Quantitative data of institutions in the SLR with more than 1 publication.

Affiliations Number of Total Citations
Publications
Delft University of Technology 14 217
ETH Ziirich 5 69
Universita degli Studi di Napoli Federico II 4 25
The University of Manchester 3 21
The University of Hong Kong 3 111
Technische Universitdt Wien 3 24
Monash University 3 98
Queen’s University Belfast 3 26
Loughborough University 2 49

*Total citations of the articles were obtained on August 20, 2023.

3.1.5. Geographic origin

Regarding the aim of this review to demonstrate state-of-the-art CE research, providing insight into how
digital technology preferences evolved through regional context as a facilitator in the built environment,
the geographic origins of the publications will be analyzed in multi-dimension in the thematic analysis
part. From a broad standpoint, the overall count of contributing countries has been determined to be 32,
whereas the place of origin for the primary author is reported to be 25.

Figure 4 presents the country-based distribution of the publications, by comparing the
country's contribution and the first author's country. The UK is the most contributing country with 17
publications in the field followed by the Netherlands with 11 publications. Australia, Italy, and
Switzerland are sharing the third contribution rank with 8 publications. 11 countries are contributing
with 1 publication. Through the lens of the first author's country, the UK is again in the first rank with
16 publications. Italy take the second rank with 8 publications while the Netherlands and Switzerland
have 7 publications.
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Figure 4. Comparison of country contribution and country of first author.

3.1.6. Keywords

The keywords stand for the most important aspects of the previously conducted research and show the
themes that were analyzed in depth within a certain field. A total of 429 keywords have been collected
and organized into clusters based on their similarity and interrelatedness. According to the bibliometric
network map of keywords with most citations of 80 articles by VOS Viewer Software given in Figure
5, “circular economy” is the most occurred keyword followed by “BIM (building information
modeling”, “Dtw (digital twins)”, “LCA (life cycle assessment)” and “sustainability”. It is observed that
digital tools emerge as two of the top five most frequently employed keywords. However, it is worth
highlighting the keyword "digital technology" has been used only two times, in the articles under
examination.
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Figure 5. Bibliometric network map of keywords with most citations (visualization by VOS viewer
software).

3.2. Thematic analysis

In the thematic analysis of the articles, the focus is narrowed to keywords directly representing digital
technologies to highlight the main DT trends in this particular domain and variations across countries
and economies.

3.2.1. CE digital technologies

126 digital technology-related keywords are explored and grouped in 15 clusters. Figure 6 provides a
summary of the primary clusters of keywords based on occurrence rate. General expressions about DT
as “digital technology”, “digitalization”, “industry 4.0”, and “technology” are not included in the DT
clusters.

The building information modelling (BIM) is the most often used keyword in research publications
that discuss digitalization and CE in built environment. It appears in 22% of all DT keywords with an
occurrence rate of 24. The digital fabrication (Dfab) refers to the use of robotic, additive, subtractive,
and automated methods for fabrication. It is the second most common type of digital technology within
keywords in facilitating the transition to a circular economy, accounting for 13% with 14 articles. The
term artificial intelligence (Al) is about the advancement of intelligent devices capable of executing
tasks that conventionally demand human intelligence [36], it represents the third most prevalent digital
technology, accounting for 11% of the total, occurring 12 times. Al cluster covers diverse keyword sets
including “convolution neural network”, “deep learning”, “generative adversarial network”, “machine
learning” and “smart vision” within this literature. The internet of things (IoT) is a platform that enables
seamless connectivity between individuals, objects, networks, and services, regardless of time, location,
or the entities involved [37]. This cluster contains also keywords such as “information systems”, “sensor
networks” and “sensors” besides the internet of things which represents 10% percent of the DT
keywords. Digital twins (Dtw) enable monitoring and computations in cyber-physical systems with a

real-time connection between the physical and the virtual system [38].
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Figure 6. Digital technologies (DT) keyword clusters.

8% of the DT keywords are digital twins (Dtw) with a 9 occurrence rate. The blockchain, powered by
distributed ledger technology (DLT), is now a highly promising technological revolution with vast
potential in various applications. Blockchain, tokenization, and distributed ledger keywords are within
the blockchain technology (BT) keyword cluster that accounts for 8%. Material passports (MP) 6%,
digital scanning technologies (ScDT) 5% and geographical information systems (GIS) 5% are the
following prevalent digital technology keyword clusters.

Digital tools (Dtool) 3%, computational design (CD) 3%, extended reality (ER) 3%, data analytics
(DA) 2%, automation (AuT) 2%, and digital platforms (Dplat) 1% keywords are also found in DT
keywords with a minor share.

These findings reflect the adoption rate and potential impact of digital technologies that are
underlying by several factors influencing the prioritization of these digital technologies such as maturity
and accessibility of DT, direct impact on CE implementation, integration challenges, future potential,
regional and economic factors and scalability. BIM is the most studied DT, considered significant for
generating, organizing, and storing digital information, which is essential for implementing the circular
design in BE with a life cycle perspective. It can be utilized at multiple scales, including the component,
building, and urban levels, which enhances its scalability and also provides collaboration for information
exchange making it highly powerful. Dfab is the second-most-occurred DT keyword cluster reflecting
its potential to provide improvements in material efficiency, waste reduction, and integrative nature with
BIM, Al, and other technologies. Innovation potential to transform the construction industry in line with
CE and scalability also can be considered as important characteristics in its prominence. Considering
that the transition to a circular economy relies extensively on complex and trans-sectoral processes that
are data-driven, it is expected that Al emerge as one of the prominent technologies in this field as a
catalyst. While the component and building-level DTs are more prominent, urban and city-level DTs
like GIS, ScDT are developing fields of research in accordance with CE adoption process expanding in
built environment.

3.2.2. Digital technologies for CE in the built environment by country origin

Digital technologies extracted from the keywords of the articles are distributed through their occurrence
for the same country. There are twenty-three distinct countries (the first author's country) represented
among the articles that contain the keywords and directly allude to digital technologies. The United
Kingdom, with 24 DT occurrences, is the country that has contributed the most, followed by Australia,
with 16 DT, and Switzerland with 13 DT in total incidence. When it comes to the variation of the digital
technology term clusters, the United Kingdom, and Australia are all equal, as each of them has seven
different clusters. On the other hand, Nigeria, Brazil, Germany, and France have the smallest allocation
of digital technology in circular built environment research, with only one DT given to each of these
countries. Figure 7 presents a comprehensive map that illustrates the distribution of digital technologies
across countries researched to enable CE transition.

10
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Figure 7. Map of digital technologies for CE in the BE keyword clusters distribution through
countries and economies.

General expressions about digital technologies (DTG) as “digital technology”, “digitalization”,
“industry 4.0”, and “technology” that is not included in the DT clusters, are analyzed separately. The
Netherlands is the most contributed country within this cluster. Accordingly, one of the aims of this
research was to analyze DT referred to in the articles that directly address the digital enablers of CE as
the main focus. Therefore most of the countries using general DT expressions as keywords have an
expanded focus on overall DT meaning that general keywords are preferred over specific keywords, in
the UK(5), Netherlands(4), Canada(1), and Australia(1).

Countries' engagement in CE DT research varies, with some focusing on broad studies like Australia
and the UK, while others like Bulgaria and France focus on specific areas. While Australia is leading in
Al-focused research, the UK demonstrates a significant contribution to BIM. Although Denmark and
Switzerland are prominent in Dfab research, it is also broadly studied by several countries.

The map provides a comprehensive snapshot highlighting the contribution of countries to the
research landscape of DTs for CE in the BE. It shows global and local research focuses, leadership, and
spots where collaboration and policy can grow.

3.2.3. Digital technologies for CE in the built environment by economies

The World Economic and Social Survey (WESP) categorizes all countries worldwide into three main
groups: developed economies, economies in transition, and developing economies. Relationship
between economic development level and prioritized digital technologies in CE transition of built
environment research provides valuable insights into how different countries' economic capacities
influence their adoption and emphasis on specific digital technologies in the context of sustainable
building sector and circular economy practices.
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A significant proportion of the DT keyword occurrences, specifically 83%, are attributed to
developed economies. Figure 8 illustrates the occurrence rate of CE DT keyword clusters through
economies. Automation technologies (AuT), computational design (CD), digital platforms (Dplat),
geographical information systems (GIS), and digital scanning technologies (ScDT) have only been
found in research in developed economies. Building information modeling (BIM) has garnered the
highest number of contributions with 22 occurrences, with digital fabrication (Dfab) following closely
behind with 12. Artificial intelligence (Al), is in the third rank with 9 occurrences.

Digital technologies as CE facilitators in developing economies research are only emerging in 9 of
15 clusters. While building information modeling (BIM) has the greatest occurrence rate with 4, the five
DT Al BT, Dtw, IoT, and ER emerged relatively uniformly with the rate of 2. Dfab, Dtools, and MP
are the DT clusters with the least contributions. Economies in transition contribute, Russia and
Kazakhstan here, in three CE DT clusters that are Dfab, Al and DTG.

The results demonstrate that economic development has a pivotal role in the uptake and prioritization
of CE DT. While developing and in transition economies present a growing research tendency on a
narrower group of foundational digital technologies that supports broad applications and having
potential to easily integrated within the existing processes regarding resource limitations, developed
economies tend to research on both broad-base and sophisticated, wide range digital technologies to
accelerate comprehensive integration across multi-scales and sectors and to enable systemic innovation
with the aid of supportive policy environments and digital infrastructure.

It is also significant that DTs are primarily utilized for evaluating and improving of the existing
building stock at the urban level and involve collection, processing, and analysis of substantial amounts
of data, ScDT and GIS, are prevalent only in developed economies which may reflect the combination
of ability of data governance, accessible databases and a focus on city-level initiatives.

It can be discussed whether the results can provide a foresight on future tendencies or a roadmap for
digital progress in CE research. One can assume that the developing economies would try to imitate the
developed countries and research on BIM, Dfab, and Al. On the other hand, such an assumption would
require additional investigation on a regional or national level. This study has not ventured to a national
level analysis but the topic is included in future studies. With such an analysis, the reasons why a
particular DT emerged in a specific region could be explained.
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Figure 8. The occurrence rate of digital technologies for CE in the BE keyword clusters through
economies.
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4. Conclusions

This study is presented as a preliminary research of a comprehensive systematic literature review on
digital technologies as circular economy enablers and accelerators in built environment. Digital
technologies are extracted from author keywords and categorized in simple DT clusters to provide a
basic understanding of the trends and relations with country-based distribution. Mapping of the DT on
countries is performed according to the occurrence rate of keywords, therefore the number of keywords
can be more than the number of publications for one country.

Only the first author's country is taken as the source for country data within the time limitations of
this research. It offers a straightforward method for categorizing and analyzing research results
geographically. This simplification is useful for dealing with large datasets where the readability of
more complex relationships relating to all authors' affiliations is becoming more challenging. Although
a comprehensive understanding of the research environment requires all authors’ collaboration patterns
in the field of CE and DT in the BE through different countries and development levels, labeling based
on the first author's affiliation, continues to be a valuable tool for advance analysis and understanding
of broad trends in this field.

The aim of the study was to identify common research trends and preferences on DT with regard to
(1) economic development level and (ii) geographical regions. By identifying links between DT and
economic development levels, the study can provide valuable information for the development of DT
roadmaps for specific regions and countries. The preliminary results include two analysis (i) descriptive
and (ii) thematic. The results of the descriptive analysis show that there is an increasing research trend
and the leading countries are UK, North European countries, and Australia. The thematic analysis puts
forward that developing economies are utilizing general DT enablers such as BIM, Al and BT that can
be useful in all processes of built environment. These enablers are easily accessible and widely used and
they require relatively low expertise. On the other hand, developed economies are differing from
developing economies in specialized fields such as urban-level enablers (GIS) and product-level
enablers (ScDT) and automation technologies.

The study can also lead to determining gaps for developing and in-transition economies. Developing
economies are generally known for rapid urban growth with fast construction methods. However, the
sustainable development goals are rarely considered in decision-making processes. In case of countries
such as China, Nigeria, Iran, Taiwan and Tiirkiye; even though there is an affinity to use building scale
digital tools (BIM), there is not a reflex to integrate CE into the development processes and practical
fields. In a temporal perspective, these countries would need to apply more enablers on a product level
in order to support their urban development in a sustainable manner.

Therefore, it is possible to comprehend the CE in the built environment as a field of study that
includes a variety of scales, including the nano, micro, meso, and macro levels respectively, and
represents materials, products, components, buildings, real estate, cities, areas and regions in varied
clusters according to different scopes [20,39,40]. These built environment scales are interrelated with a
narrow group of the circular digital technologies in a previous study [40].

Several future study topics are identified as such; (i) common trends in combination of different DT
(i1) content analysis beyond keyword analysis, (iii) investigation of DT on different scales of built
environment. It is also possible to identify case study implementations which may provide essential
knowledge for developing a roadmap on digital enablers for CE in the construction industry.
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