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Abstract

The construction industry faces persistent challenges in achieving sustainable and circular 
supply chain management due to fragmented material flows, limited information continuity, 
and weak coordination among stakeholders. Building Information Modelling (BIM) and 
Digital Twins offer complementary capabilities for addressing these challenges, yet their 
roles in sustainable and circular supply chains remain insufficiently integrated. This study 
critically reviews the literature on BIM and Digital Twins in Sustainable Supply Chain Man-
agement (SSCM) and the Circular Economy (CE) in construction. A structured literature 
review was conducted to identify major research trends, knowledge structures, thematic 
developments, implementation mechanisms, and research gaps. The analysis synthesizes 
the literature around key thematic areas, including material passports, reverse logistics 
(RL), off-site construction (OSC), artificial intelligence (AI), technology integration, con-
struction and demolition waste (CDW), and decision-making. The findings indicate that 
BIM primarily supports structured lifecycle information, material traceability, and infor-
mation continuity, while Digital Twins extend these capabilities through dynamic data 
integration, monitoring, and decision support. However, fragmented technological appli-
cations, interoperability limitations, insufficient data, organisational barriers, and limited 
integration across supply chain processes continue to constrain implementation. Based on 
these findings, a Digital–Circular Supply Chain Framework is proposed to conceptualize 
how BIM and Digital Twins can connect information, material flows, and decision-making 
to support SSCM and CE throughout the construction life cycle.

Keywords: building information modelling (BIM); digital twins; circular economy; supply 
chain management; sustainability; material passports; reverse logistics

1. Introduction
The construction industry contributes substantially to resource depletion, construction 

and demolition waste, and greenhouse gas emissions [1]. These impacts are reinforced 
by fragmented material flows and discontinuous information across the building life cy-
cle. Procurement, design, construction, operation, refurbishment, and end-of-life (EOL) 
activities are often managed by different actors and systems, making it difficult to maintain 
reliable information about material composition, quantity, condition, location, and recovery 
potential. Sustainable and circular supply chain management therefore requires coordi-
nation not only of physical material flows but also of the information and decisions that 
connect them.

Infrastructures 2026, 11, 397 https://doi.org/10.3390/infrastructures11110397

https://crossmark.crossref.org/dialog?doi=10.3390/infrastructures11110397&domain=pdf&date_stamp=2026-10-29
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/infrastructures
https://www.mdpi.com
https://orcid.org/0000-0001-7784-4971
https://orcid.org/0000-0003-2973-8175
https://doi.org/10.3390/infrastructures11110397


Infrastructures 2026, 11, 397 2 of 37

This challenge is particularly visible in the transition from linear construction practices 
to a Circular Economy (CE). Rather than treating materials as waste at the end of a building’s 
service life, circular approaches seek to retain their value through reuse, repair, recovery, 
and recycling [2–5]. RL is important to this transition because recovered materials must be 
directed back into appropriate supply-chain processes. Yet, construction Reverse Logistics 
(RL) is complicated by inconsistent deconstruction practices, uncertain secondary-material 
markets, variation in recovered-material quality, and fragmentation among demolition, 
recycling, manufacturing, and other actors [6]. Material passports can help preserve and 
communicate information about building materials and components, but their usefulness 
depends on data reliability, standardisation, interoperability, and willingness to share 
information [7–9]. These requirements make information continuity a central issue in 
sustainable and circular supply chain management.

BIM can provide a structured information environment for addressing part of this 
challenge. Beyond geometric representation, BIM can organize and exchange asset and 
material information across life cycle stages [10,11]. In circular construction, BIM-based 
approaches have been applied to deconstruction planning, material recovery, sustainability 
assessment, the identification of reusable components, and the integration of secondary 
materials into design and manufacturing [11–15]. When linked to material-passport infor-
mation, BIM can help record characteristics relevant to future reuse and recovery. However, 
model-based information does not automatically remain current as asset conditions, mate-
rial availability, logistics, and operational circumstances change. Nor does a digital model, 
by itself, ensure that information is exchanged among supply-chain partners or used in 
coordinated decisions.

Digital Twins offer a complementary capability by connecting digital representations 
with data generated by physical assets and processes. Their integration with BIM can extend 
structured life cycle information through dynamic data integration, monitoring, updating, 
and decision support [16]. In principle, this combination can improve material traceability 
and information transparency, support coordination between forward and reverse flows, 
and help align recovery opportunities with supply-chain requirements. Nevertheless, 
these outcomes are not produced by technology alone: they depend on interoperability, 
appropriate data, governance arrangements, stakeholder collaboration, and integration 
with the processes through which supply-chain decisions are made. The key issue is 
therefore how BIM and Digital Twins can be connected with circular material strategies and 
supply-chain processes, rather than considering each technology or application in isolation.

The literature also indicates that significant barriers remain between the potential of dig-
ital technologies and their practical application in circular construction. BIM implementation 
can be constrained by high implementation costs, limited digital skills, and unclear regula-
tory frameworks [17]. Material passport implementation faces additional challenges related 
to data standardisation, interoperability, information availability, intellectual-property con-
cerns, and data privacy [8,9]. Digital Twin implementation similarly involves challenges 
associated with computational requirements; interoperability between BIM, IoT, and supply 
chain systems; and the availability of appropriate digital expertise [16]. Organisational 
barriers, including resistance to change, difficulties in multidisciplinary collaboration, and 
insufficient training and support, can further restrict the implementation of circular strate-
gies [18]. These observations suggest that the effectiveness of digitalisation cannot be 
explained solely by the capabilities of individual technologies. Rather, technological capabil-
ities need to be considered in relation to information governance, stakeholder collaboration, 
organisational readiness, and the processes through which circular supply chain decisions 
are made.
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Accordingly, an important issue is not whether BIM, Digital Twins, material passports, 
RL, or other digital technologies can individually support sustainability or CE, but how 
their capabilities can be connected across the construction supply chain to enable continuity 
between information, material flows, and decisions. Existing literature has addressed 
several parts of this relationship. BIM has been examined as an enabler of CE-related 
applications [12–15], while material passports have been proposed as mechanisms for 
retaining and communicating material information [7,8]. RL research has highlighted the 
organisational and market conditions required for recovering materials [6], and research 
on Digital Twins has identified their potential as dynamic digital representations alongside 
challenges to their implementation [16]. However, these streams of research have largely 
developed around different technological, organisational, and application perspectives. The 
resulting knowledge base therefore provides evidence of individual capabilities but offers 
less clarity regarding the mechanisms through which these capabilities can be integrated 
into sustainable and circular supply chain management.

Recent review studies reinforce this need for a more integrated perspective. Al-
jaber et al. [15] identified the broad range of ways in which BIM can support CE while 
also highlighting limitations in comprehensive implementation and industrial evidence. 
Research examining BIM and Digital Twin integration has similarly identified considerable 
sustainability potential while emphasising the need for further academic and practical 
validation [19]. Theeraworawit et al. [20] examined sustainable supply chains in the context 
of CE, but their focus was not on an integrated BIM–Digital Twin perspective. Nguyen and 
Adhikari [21] provided a broad review of emerging digital technologies, yet their synthesis 
primarily considered individual technologies and future developments rather than the 
mechanisms connecting digital technologies with sustainable and circular supply chain 
performance. Taken together, these studies suggest that the existing knowledge remains 
distributed across technology-specific, life cycle, and supply chain perspectives, leaving the 
systemic relationship between BIM, Digital Twins, Sustainable Supply Chain Management 
(SSCM), and CE insufficiently conceptualised.

This gap is particularly important because sustainable and circular supply chain per-
formance depends on the interaction of material flows, information flows, and decision 
processes rather than on the isolated adoption of a particular technology. A more inte-
grated understanding is therefore required to explain how digital technologies can support 
material identification and traceability, connect forward and reverse flows, facilitate collabo-
ration among stakeholders, improve decision-making, and maintain information continuity 
throughout the construction life cycle. Such an understanding can also clarify the conditions 
under which digital technologies contribute to sustainability and circularity rather than 
merely digitising existing fragmented processes.

In this context, this paper aims to explore the application of BIM/Digital Twins in 
SSCM and CE through an in-depth literature review, focusing on the most cited papers 
since January 2019. The time span stems from the rapid pace of advancements and the 
potential obsolescence of older findings. This ensures the research is grounded in the 
most current knowledge and methodologies, relevant to contemporary understanding 
and addressing current challenges. The study emphasizes the promotion of sustainable 
material procurement through CE principles and proposes future research directions. The 
paper aims to investigate whether BIM and Digital Twin can contribute to implementing a 
circular supply chain in the construction industry, addressing current needs by answering 
the following research questions:

What are the major research trends, knowledge structures, and thematic developments 
concerning BIM and Digital Twins for sustainable and circular supply chain management 
in the construction industry?
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How do BIM and Digital Twins individually and jointly contribute to sustainable and 
circular supply chain management throughout the construction life cycle?

What knowledge gaps, research challenges, and future directions remain in integrating 
BIM and Digital Twins for SSCM and CE?

How can the findings of the review be synthesized into a conceptual Digital–Circular 
Supply Chain Framework that supports the implementation of SSCM and CE principles?

Accordingly, this review focuses specifically on the role of BIM and Digital Twins in 
SSCM within the construction context, rather than examining their general applications 
across the construction lifecycle. Particular attention is given to supply chain mechanisms 
such as information exchange, material traceability, procurement, forward and reverse 
logistics, circular resource flows, and decision-making.

To bridge the gap in understanding how integrated BIM and Digital Twins function 
within SSCM, this study introduces a novel Digital–Circular Supply Chain Framework. 
By synthesizing insights from the reviewed thematic clusters, the proposed framework 
delineates the specific mechanisms through which these digital technologies drive circularity, 
sustainability, and resilience throughout the construction supply chain.

2. Materials and Methods
The literature review involves several steps, including identifying relevant databases 

and keywords, analysing correlations between keywords, searching the literature within 
databases, screening results, conducting in-depth analysis, and exploring knowledge gaps.

2.1. Research Methodology
A systematic literature review is conducted to bring previous efforts into light [22,23], 

utilizing the PRISMA checklist, provided in supplementary material, which explores cur-
rent research trends and enhances the understanding of existing knowledge [24]. The 
literature identification and selection process is presented in Figure 1. The process con-
sisted of database identification, database-level screening, citation-based selection, relevance 
assessment, and forward and backward snowballing. The reference lists of the 50 core 
studies were subsequently examined through backward snowballing. Retrieved papers 
were assessed against the same predefined eligibility criteria to exploit only those meeting 
the criteria were retained, none of the identified papers through snowball sampling met 
the criterion, specifically due to previously selection as core study and the publication 
year. Consequently, through Scientometric analysis, bibliographic networks are developed, 
and the application of BIM and Digital Twin in sustainable CE-oriented supply chains 
is discussed.

To ensure consistency in study selection, predefined inclusion and exclusion criteria 
were applied during screening. Studies were included when they (1) were published in 
English; (2) were classified as journal articles, conference papers, or review papers; (3) were 
published between January 2019 and 20 July 2025; (4) were indexed within the Engineer-
ing subject area; and (5) addressed BIM, Digital Twin, or their application in relation to 
procurement, materials, logistics, or supply chain management within the scope of the 
research questions. Studies were excluded when they were book chapters, published in 
languages other than English, duplicates, outside the research scope through title, abstract 
and full-text assessment, or focused primarily on non-construction applications such as 
manufacturing or healthcare. Relevance was assessed against the research questions and 
the construction-oriented scope of SSCM and CE. The screening and eligibility assessment 
were conducted by authors through discussion and consensus, with disagreements resolved 
through joint review. To identify influential studies while mitigating the potential exclu-
sion of emerging research, the primary dataset was based on highly cited peer-reviewed 
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studies and complemented by backward and forward snowballing. However, the backward 
snowballing returned no result that satisfies initial selection criteria. So, the number of 
publications selected for the critical analysis was reduced to 50 from the 2395 initially ex-
plored papers. Supplementary documents were also identified to explore emerging research 
published in 2024 and 2025 that considers time constraints to identify the citation number 
criteria: 14 relevant papers relevant to the paper’s objective, with one or more citations, and 
all 6 2025 relevant papers were added to the repository. Also, forward snowballing was 
applied, which resulted to 13 more papers. Eventually, 83 publications were selected for 
the review.

 

Figure 1. Scientometric analysis flowchart.

This study adopts an integrated review approach combining scientometric analysis and 
systematic thematic review, with the two stages serving different analytical purposes. The 
scientometric analysis was conducted on the bibliographic dataset to identify publication 
trends, influential sources, collaboration networks, co-citation structures, and keyword evo-
lution. In contrast, the thematic analysis was applied to the selected publications to examine 
their substantive contributions, recurring research problems, knowledge gaps, technological 
relationships, and future research directions. Finally, insights from both analytical stages 
were synthesized to provide an overview of the structure and evolution of the field, while the 
thematic analysis provided the conceptual interpretation needed to explain the significance 
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of the identified research patterns. The findings from both stages were then synthesized to 
develop the proposed Digital–Circular Supply Chain Framework. This integrated methodol-
ogy combines the strengths of quantitative knowledge mapping with qualitative conceptual 
interpretation, thereby providing a more comprehensive understanding of the field.

Given the mixed nature of the reviewed literature, which includes empirical studies, 
case studies, conceptual frameworks, review papers, and technology-oriented studies, no 
single standardized methodological quality assessment instrument was applied across all 
included publications. Instead, methodological rigor was addressed through predefined 
eligibility and screening criteria, including peer-review status, language, relevance to the 
research agenda, disciplinary relevance, and removal of duplicate and irrelevant records. 
The citation threshold was used as a selection strategy to identify influential studies rather 
than as a direct measure of methodological quality. The absence of a formal study-level 
quality appraisal is recognized as a methodological limitation of the present review.

The nine thematic clusters were developed inductively from the substantive focus of the 
reviewed studies rather than being treated as statistically independent bibliometric clusters. 
Each publication was examined according to its main research problem, technological 
focus, construction supply chain application, and contribution to sustainable or circular 
supply chain practices. Studies addressing more than one topic were considered across the 
relevant thematic relationships, reflecting the interconnected nature of the research field. 
Through this process, nine interconnected clusters were identified as Material Passport, 
Reverse Logistics, Off-site Construction, Artificial Intelligence, Technology Integration, 
Construction and Demolition Waste, Decision Making, Communication/Data Exchange, and 
Implementation. The clusters were subsequently compared to identify recurring problems, 
digital capabilities, implementation barriers, and relationships among BIM, Digital Twins, 
and complementary technologies.

The thematic analysis focused on identifying recurring problems, technological capa-
bilities, implementation barriers, and research gaps across the selected studies. For each 
publication, attention was given to the supply chain problem addressed, the role of BIM 
and/or Digital Twins, complementary technologies employed, the construction life cycle 
stage considered, reported benefits, and identified limitations or implementation barriers. 
Related observations were then grouped into broader thematic categories, which were 
refined through comparison across the selected publications. The purpose of this analysis 
was not merely to summarize individual studies, but to identify relationships and recurring 
patterns across the literature and to use these patterns as the basis for the subsequent 
conceptual synthesis. The purpose of the thematic analysis was therefore not limited to 
summarizing individual publications. Instead, the analysis sought to identify common 
research concerns, relationships among digital technologies, and persistent implementation 
challenges across the literature. The resulting themes were subsequently synthesized to 
identify research gaps and to inform the development of the proposed Digital-Circular 
Supply Chain Framework.

2.2. Data Collection
The Scopus database was selected as the source for conducting the literature review. 

The reasoning for this choice is that Scopus is a robust and comprehensive database that 
supports a wide range of research activities, making it an excellent source for review papers. 
Scopus was chosen as the primary database for this review because of its comprehensive 
coverage of peer-reviewed publications and its rigorous indexing standards. It contains more 
than 100 million records from over 19.5 million authors spanning more than 330 academic 
disciplines, making it one of the most comprehensive bibliographic databases. Its systematic 
indexing process and broad disciplinary coverage improve the reliability, transparency, and 
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reproducibility of systematic literature reviews. Its extensive coverage, accurate document 
type assignment, and global reach contribute to its reputation as a reliable resource for 
academic research. Specifically, the search string was (“BIM” OR “building information 
modelling” OR “building information modeling” OR “digital twin”) AND (“procurement” 
OR “material” OR “logistics” OR “supply chain”). This structure allowed studies addressing 
BIM, Digital Twins, or both technologies to be retrieved, provided that they also addressed 
at least one of the specified supply chain-related concepts.

The search strategy focused on the established BIM terminology, including “BIM”, 
“building information modelling”, and “building information modeling”, together with 
“digital twin”. The term “digital model” was not included because of its broad meaning and 
potential to retrieve studies outside the BIM and Digital Twin scope. Similarly, “building 
information model” was not used as a separate search term because the search strategy 
was designed around BIM as the established technology/process terminology rather than 
individual building information models.

An initial search using this strategy identified 2395 records. The results were subse-
quently screened using predefined database filters, including publication period, subject 
area, document type, publication stage, source type, and language. After applying these fil-
ters, 1278 records remained for further screening. The search covered publications available 
from January 2019 to 20 July 2025, as summarized in Table 1.

Table 1. Bibliometric Search Criteria and Results.

Stage Filter No of Docs

Search Strategy
Title and Keywords

(“BIM” OR “building information modelling” OR “building 
information modeling” OR digital twin”)
AND (“procurement” OR “material” OR “logistics” OR 
“supply chain”)

2395

Screening

Date January 2019–July 2025

1278

Subject area Engineering
Document type Article, Conference, Review
Publication stage Final
Source type Journal, Conference
Language English

Identification of highly 
cited research Number of citations Over or equal to 50 times 128

Removing unrelated (78) 50

Supplementary search for 
recent studies

Date
Number of citations

January–December 2024
More than or equal to 1 14

Date January–July 2025 6

A citation threshold of 50 citations was applied to identify a core set of highly cited 
publications for the subsequent in-depth thematic analysis. The threshold was adopted as a 
pragmatic screening strategy to reduce the large number of retrieved records and focus the 
detailed qualitative analysis on studies that had received substantial scholarly attention. It 
was not used as an indicator of methodological quality. This approach inevitably introduces 
a temporal bias because older publications have had a longer period in which to accumulate 
citations, whereas recent publications, particularly those published in 2024 and 2025, may be 
underrepresented despite their potential relevance. The subsequent forward snowballing of 
the retained studies was therefore used to complement, rather than eliminate, this limitation 
by identifying additional conceptually relevant publications. Emerging papers published 
in 2024 and 2025 that reduce the temporal bias are also considered, with all 2024 related 
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papers with one or more citations and all relevant 2025 papers being entered into the 
content analysis.

2.3. Data Statistical Analysis
VOSViewer 1.6.20, a software tool for statistical analysis and Scientometric mapping, 

was employed to generate Scientometric maps by analysing the data. This research includes 
maps and analyses of the countries, resources, and co-citation occurrences of co-authors.

2.4. Publication Analysis Through Time Distribution
As depicted in Figure 2, the use of BIM and Digital Twins in supply chain management 

has seen rapid growth since January 2019. Scopus data shows a steady rise in related 
publications, increasing from 44 articles in 2019 to 175 in 2024, nearly a fourfold growth in 
just five years.

 

Figure 2. BIM and Digital Twins in supply chain management publications divided by year and type.

The distribution of the identified themes, presented in Table 2, suggests a gradual shift 
in the research landscape from BIM toward Digital Twin-oriented approaches. While BIM 
occurrences remained relatively stable between 2019 and 2024 (54–63 occurrences), Digital 
Twin occurrences increased substantially from 23 in 2019 to 156 in 2024. The increase sug-
gests that Digital Twins have progressively gained prominence as a mechanism for extending 
lifecycle information and enabling more dynamic and data-driven construction processes.

Table 2. Keyword occurrences by date.

Year BIM Digital Twin Circular 
Economy AI Material 

Passport
Reverse 
Logistics

Digital
Technologies

2019 61 23 2 4 1 1 1
2020 54 58 4 3 3 0 1
2021 55 80 8 5 2 1 0
2022 59 101 5 4 2 0 0
2023 58 141 9 10 2 0 3
2024 63 156 10 5 3 3 1
2025 2 2 0 0 0 0 0

At the same time, CE themes increased from 2 occurrences in 2019 to 10 in 2024, indi-
cating a gradual incorporation of circularity into the digital construction research agenda. 
AI-related themes also became more visible, although their occurrence remained compara-
tively limited. In contrast, Material Passports and RL remained relatively underrepresented, 
suggesting that the application of digital technologies to specific circular supply chain 
mechanisms is still at an emerging stage.
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Several factors may explain the observed evolution of the research landscape. First, 
the increasing digitalization of the construction industry has expanded the role of digital 
technologies from information modelling toward continuous lifecycle information man-
agement. Second, the growing availability of real-time data, sensing technologies, and 
data analytics has created conditions for Digital Twins to extend the static information 
capabilities traditionally associated with BIM. Third, paying increasing attention to CE 
and resource efficiency has encouraged researchers to explore digital approaches for ma-
terial traceability, lifecycle management, and circular decision-making. The emergence 
of AI-related research further indicates a gradual movement toward more intelligent and 
data-driven construction processes.

These factors provide acceptable explanations for the observed thematic evolution, 
although the bibliometric analysis does not establish direct causal relationships.

Together, the patterns suggest a gradual paradigm shift from BIM-centred digitalization 
toward Digital Twin-enabled, data-driven, and increasingly circular construction supply 
chains. However, the relatively limited occurrence of Material Passports and RL indicates 
that the integration of digital technologies with specific circular supply chain mechanisms 
remains comparatively underdeveloped.

2.5. Co-Authors’ Country Analysis
Figure 3 illustrates the global distribution of publications in this field, where larger 

circles denote higher research output and color-coded clusters reflect international collabo-
ration. Also, the line thickness advocates the higher strength of collaboration between two 
countries. Overall, 55 countries were analysed, with inclusion criteria requiring each paper 
to have at least five citations.

Figure 3. Country-level co-authorship network of the reviewed research field.
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Table 3 and Figure 4 rank country contributions by co-authors, showing China as 
the top producer with 240 publications, 5215 citations, and 125 links. The United States 
follows with 170 papers, 3,211 citations, and 103 links, while the United Kingdom ranks 
third with 153 papers, 4403 citations, and 127 links. Germany stands out for the highest 
citation count (5653) across 144 papers and 66 links, and Italy contributed 92 publications, 
1691 citations, and 37 links, indicating that citation impact and international collaboration 
strength represent distinct dimensions of the research landscape.

Table 3. Co-authors’ countries: detailed information.

Id Country Documents Citations Total Link Strength

1 China 240 5215 125
2 United States 170 3211 103
3 United Kingdom 153 4403 127
4 Germany 144 5653 66
5 Italy 92 1691 37
6 Australia 73 2842 73
7 India 64 705 38
8 France 53 2067 35
9 Hong Kong 52 1744 55
10 Canada 47 1129 35
11 Spain 41 468 31
12 South Korea 39 452 30
13 Sweden 30 641 32
14 Russian Federation 29 599 10
15 Switzerland 27 410 29

Figure 4. Co-authors’ country contribution.

Table 4 shows that Jinan University, China, leads institutional contributions to the 
BIM/Digital Twins–Supply Chain Management field with 36 publications and 358 citations. 
The Hong Kong Polytechnic University follows with 16 papers and 149 citations. Other 
key contributors include Beihang University, China (15 papers, 512 citations); Fraunhofer 
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Institute, Germany (9 papers, 60 citations); and Chongqing University, China (8 papers, 
132 citations).

Table 4. University contribution to the research field.

Rank Organization Documents Citations

1 Jinan University, China 36 358
2 The Hong Kong Polytechnic University, China 16 149
3 Beihang University, China 15 512
4 Fraunhofer Institute, Germany 9 60
5 Chongqing University, China 8 132

In addition, the top five most cited articles are listed in Table 5. As shown, all the 
papers are published in journals. These articles were published between 2019 and 2022, 
with the most cited paper being “A digital supply chain twin for managing the disruption risks 
and resilience in the era of Industry 4.0.” This Article, published in Production Planning and 
Control in 2021, has been cited 839 times. Although this paper addresses supply chain 
management broadly within Industry 4.0 rather than focusing exclusively on construction, 
its discussion of digital supply chain integration and disruption management provides 
relevant conceptual insights into digital technology applications in construction supply 
chains. Therefore, it was considered relevant to this review.

Table 5. The five most cited papers.

Authors Title Year Source Title Cited By Type Refs.

Ivanov & Dolgui A digital supply chain twin 
for managing the 
disruption risks and 
resilience in the era of 
Industry 4.0

2021 Production 
Planning and 
Control

839 Article [25]

Baduge et al. Artificial intelligence and 
smart vision for building 
and construction 4.0: 
Machine learning and deep 
learning methods and 
applications

2022 Automation in 
Construction

586 Review [26]

Sacks et al. Construction with digital 
twin information systems

2020 Data-Centric 
Engineering

430 Article [27]

Li J.; Kassem M. Applications of Distributed 
Ledger Technology (DLT) 
and Blockchain-Enabled 
Smart Contracts in 
Construction

2021 Automation in 
Construction

199 Article [28]

Bortolini R.; 
Formoso C.T.; 
Viana D.D.

Site Logistics Planning and 
Control for 
Engineer-to-Order 
Prefabricated Building 
Systems Using BIM 4D 
Modeling

2019 Automation in 
Construction

177 Article [29]

2.6. Source Analysis
The development of BIM/Digital Twin in SSCM is supported by both journals and 

conference proceedings. Figure 5 and Table 6 highlights the most active sources between 
January 2019 and July 2025. Procedia CIRP and IFAC-PapersOnLine are the leading confer-
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ence outlets, publishing 41 (3.21%) and 36 (2.82%) papers, respectively. Among journals, 
Automation in Construction contributed the most with 42 papers (3.29%), followed by 
Buildings with 36 papers (2.82%), Applied Sciences with 27 papers (2.11%), and the Inter-
national Journal of Advanced Manufacturing Technology with 25 papers (1.96%). Table 6 
lists the top 12 sources overall, with colour coding indicating publication periods, with 
yellow for recent and purple for earlier contributions.

 

Figure 5. Publication source network.

Table 6. Publication source analysis.

Row Source Country Documents Percentage H-Index

Journal Publications (Total) 237 18.55%

1 Automation in 
Construction The Netherlands 42 3.29% 219

2 Buildings Switzerland 36 2.82% 85

3 Applied Sciences 
(Switzerland) Switzerland 27 2.11% 197

4
International Journal of 
Advanced Manufacturing 
Technology

United Kingdom 25 1.96% 188

5 Journal of Building 
Engineering The Netherlands 20 1.56% 139

6 IEEE Access United States 19 1.49% 338

7 Journal of Cleaner 
Production United Kingdom 19 1.49% 397

8 Sensors Switzerland 18 1.41% 303

9 International Journal of 
Production Research United Kingdom 16 1.25% 217

10
Journal of Construction 
Engineering and 
Management

United States 15 1.17% 158

Conference Proceeding (Total) 77 6.03%
1 Procedia CIRP The Netherlands 41 3.21% 125
2 IFAC-PapersOnLine The Netherlands 36 2.82% 105
Others (Number of publications < 15) 954 75.43%
H-Index extracted from Scimago Journal & Country Rank “https://www.scimagojr.com/” (accessed on 1 
October 2026).
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2.7. Research Theme and Keyword Relationships
Figure 6 illustrates the keyword co-occurrence network restored from the preliminary 

research dataset, highlighting the most frequently mentioned keywords in the literature. 
The top five most recurring keywords are Digital Twin and Digital Twins (593 occurrences), 
followed by BIM, Building Information Modelling, Building Information Modeling (BIM), Build-
ing Information Modelling, and Building Information Modelling (BIM) (309); supply chain and 
supply chain management (78); Industry 4.0 (68); and Sustainability (61).

 

Figure 6. Keyword co-occurrence network.

Table 7 highlights that the relationship between BIM and Digital Twins in SSCM is a 
central research focus. It also shows increasing interest in integrating emerging technologies 
with BIM to enhance supply chain practices.

Figure 6 reveals four main interconnected but distinguishable research orientations 
within the literature, separated by colors. One group, the Orange, is built upon AI and 
automation, indicating use of computational methods and intelligent systems for predicting, 
optimizing, and decision-making. The second group, the Red, connects sustainability-
related concepts with BIM, reflecting the role of structured life cycle information in environ-
mental assessment and construction-related sustainability applications. The other group, 
the Blue, links supply chain concepts with simulation, highlighting the use of modelling and 
analytical approaches to examine operational processes and supply chain performance. The 
IoT and digitalization in the Light Green group reflects the growing attention to connected 
technologies, data acquisition, and the integration of digital systems. The last group, the 
Dark Green, centres the application of dynamic information flow of information of the built 
environment information, emphasizing on digital twin. The attention to the area reveals 
the attraction of practitioners to the real-time monitoring and seamless flow information 
that updates the current information immediately. Condition monitoring and predictive 
maintenance are some of the research grounds of the group.
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Table 7. Keywords by occurrence order.

Rank Keyword Occurrences

1 digital twin & digital twins 593
2 BIM & building information modelling & building 

information modeling (BIM) & building information 
modelling & building information modelling (BIM)

309

3 supply chain & supply chain management 78
4 industry 4.0 68
5 sustainability 61
6 blockchain 45
7 machine learning 44
8 circular economy 41
9 simulation 39
10 artificial intelligence 28
11 optimization 27
12 internet of things 26
13 resilience 26
14 additive manufacturing 24

The coexistence of these groups suggests that research is developing across complemen-
tary technological and application domains rather than around a single unified approach. 
BIM and Digital Twins provide potential points of connection between life cycle information, 
dynamic data, analytical capabilities, and supply chain processes. However, the presence 
of related keywords within the same network does not in itself demonstrate that these 
capabilities have been integrated in operational construction supply chains. Instead, the 
network highlights the need to examine how technological developments are translated into 
coordinated processes for material traceability, procurement, forward and reverse logistics, 
and circular decision-making.

From an SSCM perspective, the key insight is therefore not simply that BIM and Digital 
Twins are related, but that the research landscape combines relatively technology-oriented 
themes with sustainability and supply chain applications that are not yet consistently connected. 
This interpretation is consistent with the thematic review that follows, which examines the 
mechanisms, implementation barriers, and research gaps across the nine clusters.

Notably, keyword occurrence is measured through merging similar keywords, in-
cluding “digital twin and digital twins”; “BIM, building information modelling, building 
information modeling (BIM), building information modelling, and building information 
modelling (BIM)”; and “supply chain and supply chain management”. Digital Twins was 
the most frequently occurring keyword during the period under study, with 593 occurrences, 
followed by BIM, with 309. This finding indicates growing research interest in the use of 
structured digital information in the construction industry, with increasing attention being 
paid to the dynamic flow of information enabled by Digital Twins, compared with the more 
static information structures traditionally associated with BIM.

3. Content Analysis
Considering that 1278 papers were explored based on the criteria defined in the 

database, with those cited 50 times or more, 128 papers were selected for further anal-
ysis. These were then reduced to 50 after removing unrelated entries. Following the 
relevance screening of the highly cited publications, the reference lists of the 50 retained 
studies were examined using forward snowballing. To address the bias of neglecting 2024 
and 2025 review, due to shorter time to be considered and cited, a supplementary condition 
is defined with the 2024 published paper with equal and more than 1 time (14 papers), 
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and all the related 2025 related publications (6 papers), and all related Thirteen additional 
publications were identified as directly relevant to the research objectives and were therefore 
included in the thematic review, resulting in a final set of 83 publications. Additionally, 
using forward Snowball Sampling method [30], 13 more papers have been selected for 
review. Therefore, the number of documents analyzed increased to 83 articles.

To identify research gaps relevant to SSCM and CE, the selected literature was the-
matically analysed and categorized into the clusters. Although these clusters represent 
different technological and application domains, each was examined based on its contribu-
tion to information continuity, material traceability, procurement, logistics, reverse logistics, 
decision-making, coordination, and implementation within sustainable and circular con-
struction supply chains.

Cluster 1: Material Passport
Material Passports can connect building component information with decisions about 

disassembly, recovery, and reuse. The studies show a progression from documenting 
material characteristics towards using structured information to support circular decisions. 
BIM-based approaches have been developed to enrich material information with recovery 
potential and disassembly requirements [31], support life cycle assessment (LCA) and 
material management [32,33], and connect deconstruction information with subsequent 
reuse opportunities [34]. Related research has also identified the potential for combining 
BIM and Material Passports with AI, machine learning (ML), Radio Frequency Identification 
(RFID), and blockchain to improve data collection and resource recovery [35]. Taken 
together, these studies indicate that the value of a Material Passport depends less on the 
volume of information stored than on whether that information can inform decisions at 
later stages of the material life cycle.

However, the reviewed studies also reveal a gap between information availability and 
its effective use across the supply chain. Incomplete design-stage information, fragmented 
databases, limited interoperability, and insufficient economic indicators constrain the use 
of Material Passports for reliable recovery and reuse decisions [32–35]. These limitations 
suggest that material information cannot independently guarantee circular outcomes. Its 
value depends on whether information is sufficiently reliable, transferable, and relevant to 
the requirements of designers, contractors, procurement teams, and recovery actors.

From an SSCM perspective, Material Passports should therefore be understood as an 
information mechanism linking design-stage decisions with procurement, material alloca-
tion, and reverse logistics. The central research challenge is to move beyond documenting 
material properties towards connecting this information with practical decisions about 
the availability, suitability, economic feasibility, and recovery of secondary materials. This 
requires stronger alignment between information standards, data governance, and supply 
chain processes so that Material Passports function as active decision-support mechanisms 
rather than isolated repositories.

Cluster 2: Reverse Logistics
The studies in this cluster examine how digital technologies can support the identifi-

cation, assessment, movement, and reuse of recovered construction materials. BIM-based 
optimization approaches combine material information with environmental assessment to 
compare new and reclaimed materials [36], while BIM-based tools and proposed integra-
tions with augmented reality (AR), RFID, and Geographic Information Systems (GIS) aim 
to improve information capture and recovery planning [37]. Research on reclaimed timber 
further demonstrates how 3D scanning, BIM, computational design, ML, and robotic fabri-
cation can connect the physical characteristics of recovered components with downstream 
design and manufacturing decisions [38,39]. Collectively, these studies show that digital 
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support for RL extends beyond locating recoverable materials: it can also help determine 
whether recovered components can be incorporated into new construction activities.

Nevertheless, the evidence indicates that technological capability alone does not re-
solve the operational uncertainty associated with RL. Recovery depends on the condition 
and geometry of salvaged materials, the availability of reliable information, the cost of 
inspection and processing, and the existence of suitable markets and distribution arrange-
ments. Although digital tools have been proposed to address individual information and 
coordination problems, the practical effectiveness and scalability of integrated systems 
remain insufficiently demonstrated [37]. Moreover, RL is often treated separately from 
conventional procurement and distribution, despite the need to coordinate deconstruction, 
storage, transportation, and the subsequent use of recovered materials [40].

The main implication for SSCM is that RL should not be treated as an isolated EOL 
activity. It needs to be coordinated with forward supply chain decisions so that recovered 
materials can be assessed against future demand, technical requirements, and procurement 
needs. OSC may offer favourable conditions for such coordination because component 
standardization can facilitate identification, handling, and reuse. However, the extent to 
which these benefits can be achieved depends on practical infrastructure, cost-effectiveness, 
market coordination, and validated procedures. Future research should therefore evaluate 
integrated forward and reverse logistics systems under real project conditions rather than 
assuming that the adoption of digital tools will automatically improve recovery performance.

Cluster 3: Off-site Construction
OSC provides an important context for examining how digital technologies can coordi-

nate production, transportation, assembly, and material management across construction 
supply chains. The reviewed literature identifies the use of BIM and complementary tech-
nologies to improve production coordination, information flow, logistics, and resource 
efficiency in prefabricated construction [41]. BIM-based approaches have also been applied 
to assess carbon emissions across construction stages [42] and to improve material selec-
tion, assembly planning, waste reduction, and handling [43]. Digital Twin applications in 
modular construction have similarly indicated potential benefits for scheduling and supply 
chain visibility [44]. Together, these studies suggest that OSC can provide a structured 
setting in which digital information supports coordination between off-site production and 
on-site construction.

However, the sustainability contribution of OSC remains unevenly assessed. Several 
studies emphasize productivity, time savings, assembly efficiency, or carbon emissions, 
while giving less attention to broader life cycle performance, including cost, quality, compo-
nent recovery, and reuse [41–44]. The scope of individual applications is also sometimes 
restricted to particular geographical contexts or building components, limiting the extent 
to which their findings can be generalized. Consequently, improved production efficiency 
should not automatically be interpreted as evidence of circularity or overall sustainability. 
These outcomes need to be evaluated using broader performance criteria that consider both 
immediate construction activities and the subsequent use or recovery of components.

The relationship between OSC, Material Passports, and RL is particularly important for 
circular supply chains. Standardized components and better information continuity may 
facilitate material identification, maintenance, disassembly, and reuse, but these benefits 
depend on whether such requirements are incorporated into design, procurement, and 
logistics planning. BIM and Digital Twins could support this coordination by linking compo-
nent information with production status, transportation, assembly, and EOL requirements. 
The principal research opportunity is therefore to evaluate OSC as a potential setting for 
integrating digital information with design for disassembly, recovery planning, and life 
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cycle sustainability assessment, rather than treating prefabrication primarily as a means of 
increasing productivity.

Cluster 4: Artificial Intelligence
AI is increasingly considered a means of extending BIM and Digital Twin capabilities 

from information management and monitoring towards prediction and adaptive decision-
making. The reviewed studies describe intelligent Digital Twins that combine human input 
and AI algorithms to monitor supply chains, anticipate disruptions, and support continuous 
learning [45]. Other work integrates BIM, automated data acquisition, lean production, 
and AI to support construction project management [27], while AI-based methods have 
been investigated for predicting material properties and supporting sustainable material 
selection [26]. These applications indicate that AI can contribute to SSCM when data 
generated across construction activities are converted into information that supports timely 
operational and strategic decisions.

However, the reviewed evidence also identifies limitations that constrain this potential. 
The reliability of AI-supported decisions depends on data quality, model performance, 
interoperability, and the ability to interpret changing operational conditions. The literature 
further highlights the influence of algorithm aversion and users’ responses to algorithmic 
errors, indicating that technically sophisticated systems may not be adopted or trusted 
in practice [46,47]. In addition, concerns about overfitting, the integration of data from 
different project elements, and the commercial implementation of proposed systems remain 
unresolved [27]. The challenge is therefore not simply to improve predictive accuracy, but 
to establish conditions under which AI recommendations can be assessed, understood, and 
incorporated into real supply chain decisions.

For SSCM, the most relevant contribution of AI-enabled Digital Twins lies in connecting 
prediction with actionable decisions about procurement, material allocation, logistics, and 
disruption response. This requires reliable and interoperable data as well as appropriate 
human oversight and organizational learning. The reviewed studies provide a basis for 
this potential, but further empirical investigation is needed to establish how AI-supported 
decisions perform under real project conditions and whether they produce measurable 
improvements in sustainability, circularity, or supply chain resilience. Future work should 
consequently move beyond conceptual demonstrations towards validated applications that 
account for data integrity, human–algorithm interaction, and implementation constraints.

Cluster 5: Technology Integration
Technology integration research examines how BIM and Digital Twins can work with 

complementary technologies, including blockchain, IoT, RFID, GIS, and data analytics, to 
improve information exchange, traceability, procurement, logistics, and supply chain coor-
dination. The reviewed literature indicates that digital technologies have been applied more 
extensively during design and construction than during later stages, such as existing build-
ing management and EOL recovery [48]. BIM–blockchain approaches have been proposed 
to improve procurement transparency, data security, traceability, and the execution of smart 
contracts [49–55]. Other studies investigate combinations of BIM with IoT, GIS, RFID, and 
Digital Twins to support logistics, vendor selection, material-flow management, monitoring, 
and risk management [56–64]. These applications collectively suggest that technology 
integration can connect information generated by different systems and stakeholders across 
construction supply chain activities.

Despite this breadth of proposed applications, the evidence is uneven in terms of imple-
mentation and validation. Several frameworks remain conceptual, while practical adoption 
is constrained by interoperability problems, cybersecurity risks, regulatory uncertainty, 
cost, legacy systems, and limited stakeholder acceptance [28,49–55]. Research on Digital 
Twins also indicates that digital representation and monitoring do not necessarily translate 
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into sustainability outcomes unless the resulting information supports intervention and 
decisions across the life cycle [56]. Similarly, the availability of integrated technologies 
does not by itself resolve organizational barriers or guarantee that information will be used 
consistently by different supply chain actors [65,66].

This cluster pinpoints that technological integration should be distinguished from 
effective supply chain integration. Connecting systems technically is only one part of the 
challenge; data must also be consistent, accessible, trusted, and relevant to the decisions of 
participating organizations. This cluster also provides enabling capabilities for Material 
Passports, OSC, RL, and circular resource management, but the practical value of these 
capabilities depends on common information requirements, governance arrangements, 
implementation guidance, and economic feasibility. Future research should therefore 
assess integrated digital systems in operational settings and investigate how technical 
interoperability can be translated into reliable information exchange, coordinated decisions, 
and measurable supply chain outcomes.

Cluster 6: Construction & Demolition Waste
Research on CDW examines how digital tools can support material assessment, waste 

prediction, environmental evaluation, and the identification of opportunities for reuse and 
recycling. BIM has been applied to support environmentally informed material selection 
and waste reduction [16], while BIM-based sustainability assessment frameworks have 
been proposed to compare material alternatives [67]. BIM-LCA studies further demonstrate 
how material choices can be assessed in terms of environmental impacts [68], and design-
stage quantification can provide information about expected waste streams [69]. Other 
research develops material-level circularity frameworks [70], applies AI-based models 
to waste prediction [71], and investigates BIM- and virtual-reality-based approaches to 
visualizing circularity strategies and assessing material recovery potential [72]. Additional 
studies propose broader BIM-supported systems for tracking material availability, simu-
lating deconstruction, recognizing waste, and supporting urban-scale circular economy 
activities [73–75].

Taken together, these studies show that digital technologies can improve the visibility 
and assessment of CDW-related material flows. However, their contributions are often 
limited by incomplete environmental or economic indicators, insufficient standardization, 
limited availability of reliable material data, and the need for validation in different construc-
tion contexts [16,67–70,76]. The literature also identifies implementation barriers related 
to regulation, training, digital infrastructure, and the expertise of demolition-phase stake-
holders [77,78]. These findings reveal a persistent gap between the ability to predict or 
classify waste and the ability to ensure that materials are actually recovered and returned 
to productive use.

From an SSCM and CE perspective, CDW management should not be assessed only 
through waste quantities or recycling rates. Digital information has greater circular value 
when it supports decisions about waste prevention, material reuse, recovery, transportation, 
and subsequent demand. This requires continuity between design-stage information and 
EOL activities, as well as coordination between designers, contractors, demolition teams, 
material recovery organizations, and procurement actors. The principal research need is 
therefore to connect digital waste assessment with practical recovery processes and wider 
economic, institutional, and organizational conditions. Large-scale pilots, standardized 
material information, and consistent circularity indicators could help establish whether the 
proposed digital approaches deliver benefits beyond improved waste monitoring.

Cluster 7: Decision Making
The studies in this cluster examine how BIM and related analytical methods can support 

decisions concerning material quantities, design alternatives, procurement, logistics, and life 
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cycle sustainability. BIM-based quantity surveying and 4D planning approaches have been 
used to improve the accuracy of material take-offs, production planning, and transportation 
arrangements [29,79]. Other studies integrate BIM with environmental assessment and 
multi-criteria methods to compare design and material alternatives [80–86]. BIM-based 
procurement optimization further illustrates how model-derived quantities and project 
schedules can inform decisions about purchasing timing and quantities [87]. Research 
combining BIM with lean construction also highlights the potential to improve process 
coordination and productivity, although organizational and implementation barriers remain, 
particularly for smaller firms [88–90]. Collectively, these studies indicate a shift from using 
BIM primarily to represent project information towards using it as an input to analytical 
and operational decision support.

Decision-support capabilities are also being extended to logistics and material manage-
ment. A Digital Twin-based shipping system is proposed using silos for transportation and 
temporary storage, with potential to reduce carbon emissions, although its implementation 
depends on project-specific conditions, road infrastructure, and reliable cost estimates [91]. 
The integration of Discrete Event Simulation with Digital Twins for construction logistics 
showed how this combination can support real-time scheduling, responsiveness, and adap-
tive planning when conditions change [92]. In addition, research on BIM-enabled materials 
management identified relationships between supplier collaboration, supply chain opti-
mization, and BIM adoption [93]. These studies suggest that digital decision support can 
contribute to sustainable supply chains not only through design-stage assessment, but also 
through operational logistics and coordination. However, the sustainability effects depend 
on how analytical outputs are integrated into actual material-management and supply 
chain processes.

The cluster also highlights the importance of extending decision support beyond imme-
diate construction operations and conventional building materials. Historic-BIM (HBIM) 
has been used to monitor structural deterioration and material degradation to support 
decisions about maintenance and intervention, although reliance on static databases can 
constrain its adaptability [94]. Research on earth-based construction materials identifies 
their potential to support a transition from linear to circular construction, while noting 
technical barriers related to testing protocols, thermal and mechanical performance, and 
durability under freeze–thaw conditions [95]. Complementary work on circularity indica-
tors demonstrates the need to evaluate material and building characteristics systematically 
when comparing alternative design configurations [84]. Together, these studies indicate 
that informed sustainability decisions require not only geometric and material information, 
but also reliable data on condition, performance, durability, and circularity.

Despite these developments, the scope and reliability of decision-support approaches 
remain uneven. Some methods are restricted to particular building components, material 
categories, or geographical contexts [79,82]. Others are constrained by incomplete databases, 
limited coverage of life cycle impacts, or poor interoperability between BIM and LCA tools, 
which can necessitate manual calculations and reduce practical efficiency [81–83]. More-
over, improved analytical capability does not guarantee that decisions will be implemented 
effectively. Supplier constraints, transportation conditions, organizational collaboration, 
and the availability of reliable information can influence whether model-based recommen-
dations are feasible in practice [87,93]. The evidence therefore suggests that decision quality 
depends on the integration of analytical methods with the operational and organizational 
context of construction supply chains.

For SSCM, the key contribution of this cluster is the potential to connect material 
and project information with decisions that have environmental, economic, and logistical 
consequences. BIM-based assessments can help compare alternatives, while Digital Twins 
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and dynamic data sources may extend these capabilities by reflecting changing asset and 
operational conditions. However, the reviewed literature does not yet establish that such 
integration consistently improves whole supply chain sustainability. Future research should 
examine how LCA, cost analysis, circularity indicators, procurement optimization, and 
real-time operational information can be combined within decision-support processes. Such 
work should also assess how recommendations are used by different supply chain actors 
and whether the resulting decisions lead to measurable improvements in resource efficiency 
and circularity.

Cluster 8: Communication/Data Exchange
Communication and data exchange form a cross-cutting requirement for coordinating 

information and decisions among construction supply chain participants. The reviewed 
studies associate BIM adoption with improved collaboration, communication, and supply 
chain optimization, while also indicating that the resulting sustainability benefits depend 
on organizational and supply chain conditions [96]. Digital Twins have been proposed to 
provide timely information and improve responsiveness [97,98], while digital supply chain 
twin models and related data-driven approaches aim to facilitate information exchange and 
disruption management [25,99]. Blockchain-based approaches have also been considered 
as a means of supporting secure and transparent information sharing across organizational 
boundaries [100,101]. Together, these studies suggest that effective communication is not 
simply a technical function: it is part of the coordination infrastructure needed to connect 
material information, operational activities, and decisions.

A recurring limitation is that improved information exchange does not necessarily 
produce coordinated circular material flows. Digital Twins may enhance visibility and 
operational monitoring, yet their specific role in enabling reuse, recovery, and reverse logis-
tics remains insufficiently developed [97,98]. Research also identifies persistent problems 
involving data integration, information security, stakeholder responsibilities, and the prac-
tical exchange of information across organizational systems [100,101]. In addition, the 
uptake of recovered materials depends on market conditions, stakeholder confidence, and 
incentives; communication frameworks alone cannot eliminate these barriers [102]. These 
findings point to a distinction between making information available and establishing the 
collaborative arrangements through which that information is used.

From an SSCM perspective, communication and data exchange should connect in-
formation about material identity, condition, availability, location, and recovery potential 
with the decisions of designers, suppliers, contractors, logistics providers, and recovery 
organizations. BIM can provide structured information, while Digital Twins can support the 
updating and operational use of relevant data. However, these capabilities require agreed 
data requirements, clear responsibilities, reliable access arrangements, and appropriate 
governance. Future research should therefore investigate how secure and interoperable 
information exchange can be linked directly to procurement, reuse, and RL, and how orga-
nizational incentives influence the willingness of supply chain participants to share and act 
on information.

Cluster 9: Implementation
The implementation literature examines the organizational, financial, technical, and 

institutional conditions that influence the adoption of BIM, Digital Twins, and circular 
economy practices in construction supply chains. Research on global BIM adoption has 
highlighted the continuing challenges associated with translating BIM’s technical capa-
bilities into widespread practical implementation [103]. These challenges are particularly 
relevant for Small & Medium-Sized Enterprises (SMEs), which may face limited finan-
cial resources and technical expertise. Digital Twin implementation additionally requires 
appropriate model development, data quality control, information security, stakeholder 
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education, and interoperability [104,105]. Research on public sector procurement indicates 
that unclear responsibilities, limited early stakeholder involvement, and the absence of 
BIM-oriented procurement processes can restrict adoption [106]. Related work emphasizes 
the importance of incorporating BIM requirements into tendering, procurement docu-
mentation, and contractual arrangements [107]. Collectively, these findings indicate that 
implementation depends not only on the capabilities of digital technologies but also on the 
institutional mechanisms through which information requirements, responsibilities, and 
implementation expectations are established.

The same challenge extends to circular economy implementation. Research has identi-
fied a tendency to focus on recycling and recycled materials rather than addressing a wider 
range of life cycle strategies, including prevention, reuse, and recovery [108]. Other studies 
emphasize the need for CE strategies that address different stages of the built environment 
life cycle [109]. At the same time, supply chain resilience research highlights the importance 
of considering the viability and adaptive capacity of broader networks rather than assessing 
individual organizations in isolation [110]. Taken together, these findings show that the 
availability of technical solutions is not sufficient to ensure adoption. Implementation is 
also shaped by procurement incentives, contractual obligations, staff capabilities, regulatory 
conditions, organizational readiness, and the ability of supply chain actors to collaborate.

This cluster provides an implementation-oriented perspective on the preceding themes. 
Material Passports, AI-supported decision tools, interoperable digital systems, and RL 
processes can contribute to circular supply chains only when organizations have the capacity 
and incentives to use them. For SSCM, implementation should therefore be understood as 
a coordinated process involving technology, procurement, governance, skills development, 
and life cycle responsibilities. Future research should examine how these conditions interact 
across different project types and organizational contexts, with particular attention to 
SMEs and the practical allocation of implementation costs and benefits. Pilot projects 
and comparative case studies could help establish which combinations of technical and 
institutional arrangements are most feasible and how digital circularity strategies can be 
sustained beyond isolated demonstrations. Table 8 summarizes each cluster’s key findings, 
including identified related challenges.

Table 8. Summary of Research Clusters and Key Findings.

Cluster Key Themes Findings Challenges/Gaps

Material Passport

BIM-based material 
passports;
LCA;
disassembly and reuse 
information;
integration with AI, RFID, 
and blockchain

Material Passports can 
structure material 
information and connect 
design-stage records with 
material management, 
recovery, and reuse 
decisions. Their value 
depends on whether 
information supports 
decisions across the 
material life cycle.

Incomplete design-stage data;
fragmented databases;
limited interoperability;
insufficient economic 
indicators;
weak connection between 
material information and 
practical procurement and 
recovery decisions.
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Table 8. Cont.

Cluster Key Themes Findings Challenges/Gaps

Reverse Logistics (RL)

BIM-supported material 
recovery;
reclaimed-material 
assessment;
AR, RFID, and GIS;
reclaimed timber;
integration of forward and 
reverse logistics

Digital tools can support 
material identification, 
condition assessment, 
recovery planning, and the 
incorporation of reclaimed 
components into 
subsequent construction 
and manufacturing 
activities.

Uncertainty regarding 
recovered material condition 
and availability;
inspection and processing 
costs;
limited market coordination;
insufficient validation and 
scalability of integrated 
systems;
weak integration with forward 
logistics and procurement.

Off-site Construction

BIM and Digital Twins in 
prefabrication;
production and logistics 
coordination;
carbon assessment;
assembly planning;
component standardization

OSC provides a structured 
setting for coordinating 
production, transportation, 
and assembly. BIM and 
Digital Twins can improve 
information flow, supply 
chain visibility, resource 
efficiency, and planning.

Narrow assessment of 
sustainability outcomes;
limited consideration of cost, 
quality, recovery, and reuse;
geographically or 
component-specific evidence;
insufficient integration of 
design for disassembly and 
EOL planning.

Artificial Intelligence

AI-enabled Digital Twins;
disruption prediction;
sustainable material 
selection;
predictive analytics;
adaptive decision-making

AI can convert data from 
construction and supply 
chain activities into 
predictions and decision 
support for procurement, 
material allocation, 
logistics, and disruption 
response.

Data-quality and 
interoperability issues;
overfitting;
algorithm aversion and trust;
limited evidence of scalability 
and commercial 
implementation;
insufficient empirical 
validation of sustainability 
and resilience outcomes.

Technology Integration

BIM–Digital Twin 
integration;
Blockchain and smart 
contracts, IoT, GIS, RFID, 
and data analytics;
traceability and monitoring

Integrating digital 
technologies can connect 
information across systems 
and stakeholders and 
support transparency, 
traceability, logistics, 
procurement, and risk 
management.

Technical interoperability and 
cybersecurity challenges;
legacy systems;
regulatory uncertainty and 
cost;
limited stakeholder 
acceptance;
conceptual rather than 
operational validation;
weak evidence linking 
integration to measurable 
sustainability outcomes.

Construction & 
Demolition Waste 
(CDW)

BIM-based waste 
quantification;
BIM-LCA;
AI-based waste prediction;
circularity assessment;
deconstruction and 
material recovery

Digital technologies can 
improve waste visibility, 
environmental assessment, 
material selection, waste 
prediction, and 
identification of reuse and 
recycling opportunities.

Incomplete environmental and 
economic indicators;
inconsistent standards;
limited reliable material data;
insufficient validation across 
contexts;
regulatory, training, and 
infrastructure barriers;
weak connection between 
waste prediction and actual 
material recovery.
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Table 8. Cont.

Cluster Key Themes Findings Challenges/Gaps

Decision Making

BIM-based quantity 
surveying and 4D 
planning;
LCA and multi-criteria 
assessment;
procurement optimization;
Digital Twin-based 
logistics;
circularity indicators

BIM and analytical 
methods can support 
decisions about materials, 
design alternatives, 
procurement, 
transportation, and life 
cycle performance. Digital 
Twins may extend these 
capabilities through 
updated operational 
information and adaptive 
planning.

Incomplete databases and life 
cycle coverage;
limited interoperability 
between BIM and LCA tools;
context-specific methods; 
supplier and logistics 
constraints;
insufficient evidence that 
improved analytical 
capabilities consistently lead 
to implemented decisions and 
measurable supply chain 
sustainability.

Communication/Data 
Exchange

BIM-enabled collaboration; 
Digital Twin-based 
information exchange;
digital supply chain twins;
blockchain-enabled 
transparency;
secure inter-organizational 
communication

Information exchange 
provides a coordination 
mechanism linking 
material information, 
operational activities, and 
decisions among supply 
chain participants. BIM 
and Digital Twins can 
support structured and 
updated information, 
while blockchain-based 
approaches may enhance 
transparency and security.

Data integration and security 
concerns; unclear 
responsibilities;
fragmented organizational 
systems;
insufficient connection 
between information sharing 
and circular material flows;
market and incentive barriers;
limited evidence of direct 
effects on reuse and reverse 
logistics.

Implementation

BIM and Digital Twin 
adoption;
procurement and 
contractual requirements;
organizational readiness;
SME capabilities;
CE implementation and 
supply chain resilience

Adoption depends on the 
combined influence of 
technical capabilities, 
procurement arrangements, 
governance, skills, 
organizational readiness, 
and institutional 
conditions. Digital 
circularity requires 
coordinated 
implementation rather 
than isolated technological 
solutions.

Limited financial and technical 
capacity, particularly among 
SMEs;
inadequate training; unclear 
responsibilities;
weak procurement incentives 
and contractual provisions;
regulatory and organizational 
barriers;
limited comparative evidence 
on feasible implementation 
arrangements and the 
allocation of costs and benefits.

Considering the content analysis provided above, the research gap could be explored 
in five main groups interconnected to several clusters as follows:

The nine clusters collectively reveal that the literature has progressed considerably in 
developing digital technologies for construction, but their integration with circular supply 
chain processes remains fragmented. Across the Material Passport, RL, Technology Integra-
tion, Communication/Data Exchange, and Implementation clusters, BIM, Digital Twins, 
AI, Blockchain, IoT, RFID, and GIS are increasingly proposed to improve information avail-
ability, traceability, decision-making, and supply chain visibility. However, the connections 
between these digital capabilities and actual circular flows of materials, particularly reuse, 
recovery, and RL, remain comparatively underdeveloped.

A second cross-cluster gap concerns interoperability and data governance. Fragmented 
databases, heterogeneous information environments, limited data quality, weak interop-
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erability, and insufficient information-sharing mechanisms recur across several clusters. 
These findings indicate that increasing the volume of digital information alone does not 
guarantee circular supply chain performance; rather, effective circularity requires interoper-
able, trusted, and continuously updated information flows across project actors and life 
cycle stages.

Third, the literature remains predominantly technology-centric, while organizational 
and institutional conditions for implementation receive comparatively less attention. Bar-
riers including stakeholder resistance, limited technical knowledge, financial constraints, 
regulatory uncertainty, algorithm aversion, and institutional inertia appear across the 
clusters, suggesting that the transition toward digital circular supply chains is basically 
socio-technical rather than purely technological.

Although numerous conceptual frameworks and technology-enabled solutions have 
been proposed, their empirical validation, scalability, and economic feasibility remain 
limited. Many studies rely on individual case studies, theoretical models, or technology-
specific demonstrations, with insufficient evidence regarding their performance across 
different project contexts, supply chain configurations, and organizational environments.

Finally, the cluster structure suggests that CE applications in construction remain 
strongly associated with waste reduction and recycling, while higher-value circular strate-
gies such as reuse, material recovery, RL, and design for deconstruction remain less inte-
grated with digital technologies. This fragmentation highlights the need for an integrated 
framework that connects lifecycle information, digital technologies, circular material flows, 
and supply chain decision-making rather than treating these elements as independent 
research domains.

4. Proposal of a New Digital–Circular Supply Chain Framework
for Construction

Focusing on the review performed, this study proposes a Digital–Circular Supply 
Chain Framework as presented in Figure 7, to demonstrate the flow of information within a 
circular system, and the function of different tools in implementing circular supply chain. 
The framework employs BIM as the static information backbone, Digital Twins to enable 
the dynamic system feedback, and emerging technologies, such as AI, IoT, Blockchain, etc., 
as the enablers of circular value loops.
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Figure 7. Digital–Circular Supply Chain Framework.

4.1. Proposed Digital–Circular Supply Chain Framework
Considering the explored gaps within the recent studies identified through the state-

of-the-art review, this research proposes a Digital–Circular Supply Chain framework that 
conceptualizes BIM and Digital Twins as the fundamental digital infrastructures, and 
emerging digital technologies (including AI, IoT, Blockchain, Sensors, etc.) and regulatory 
and contractual frameworks as the complementary basis, to jointly enable the transition 
from a linear and fragmented construction supply chain to a data-driven, integrated, circular, 
and adaptive supply network.

The proposed framework was developed through a two-stage synthesis of the reviewed 
evidence. First, the findings and challenges identified within each of the nine thematic 
clusters were examined to identify recurring digital capabilities, supply chain functions, and 
implementation barriers. Second, findings that addressed similar supply chain functions 
across different clusters were consolidated through cross-cluster analysis. This process 
resulted in five higher-level mechanisms that represent the principal functions required to 
connect digital capabilities with sustainable and circular supply chain processes. Thus, the 
framework does not map one-to-one onto the nine clusters; rather, the clusters constitute 
the empirical knowledge base from which the higher-level mechanisms were derived. The 
traceability matrix is presented in Table 9.
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Table 9. Traceability of the Framework to the Identified Research Clusters.

Research Cluster Explored Gap Framework Component

Material Passport Material traceability, reuse information, 
data continuity

Life cycle Data Continuity & Material 
Intelligence

RL Material recovery and weak integration 
with forward logistics

Forward & Reverse Logistics 
Coordination

OSC Supply-chain visibility, logistics, sensors, 
continuous information

Data Continuity + Logistics 
Coordination

AI Prediction, optimization, disruption 
management, algorithmic trust

Decision Intelligence + Adaptive 
Learning

Technology Integration BIM–IoT–Blockchain–RFID–DT 
integration, interoperability, cybersecurity

Interoperability & Data Governance + 
Decision Intelligence

CDW Waste quantification, LCA, material 
recovery, circularity

Material Intelligence + Reverse 
Logistics

Decision Making LCA/LCC, planning, optimization, 
sustainability assessment

Decision Intelligence & Predictive 
Capability

Communication/Data Exchange Information sharing, transparency, 
collaboration

Data Continuity + Governance, Trust 
& Transparency

Implementation SMEs, skills, data quality, interoperability, 
regulation

Institutional Enablers + 
Interoperability + Governance

The framework is underpinned by digital and institutional foundations. First, BIM 
serves as the static and structured information backbone, integrating material, geometric, 
financial, and environmental data throughout the design and construction phases. The 
second phase pinpoints the interoperability and data-governance that increases the data and 
information to be utilized by BIM and Digital Twin. Third, Digital Twins extend the utility 
of BIM into the operational and EOL stages by facilitating dynamic feedback loops, real-time 
monitoring, and predictive analytics through continuous synchronization with physical 
assets. Fourth, emerging digital technologies, including AI, IoT, Blockchain, and RFID, act 
as critical enablers that enhance data acquisition, interoperability, and decentralized trust 
among supply chain actors. Finally, a robust regulatory and contractual pillar establishes 
the necessary governance, providing the mandates, incentives, and legal structures required 
to institutionalize circular supply chain practices within the industry. Together, these pillars 
support five interrelated mechanisms designed to optimize circular performance.

The proposed Digital–Circular Supply Chain Framework was derived through a struc-
tured synthesis of the nine thematic clusters identified in the scientometric and thematic 
analysis. Rather than directly translating individual clusters into framework components, 
conceptually related findings were consolidated into higher-level mechanisms representing 
the functions required for digital circular supply chain integration.

The upper layer of the framework represents the digital and institutional enablers 
identified across the clusters. AI, IoT, Blockchain/DLT, RFID/sensors, and regulatory 
and contractual mechanisms were retained as enabling capabilities rather than treated 
as independent outcomes because the reviewed literature consistently positioned them 
as technologies or institutional conditions that facilitate information capture, exchange, 
prediction, traceability, and coordination.

In the core layer of the framework, BIM and Digital Twins represent complementary 
but distinct digital capabilities. BIM serves as the static information backbone of the con-
struction lifecycle, functioning as a structured repository for project, asset, material, and 
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lifecycle information and facilitating information accessibility and exchange [27]. In contrast, 
a Digital Twin extends this information foundation by providing a dynamic representa-
tion of the physical asset or process through continuous data acquisition and real-time 
feedback [27]. While BIM primarily supports the creation, management, and exchange of 
structured lifecycle information, the Digital Twin enables dynamic monitoring, condition 
assessment, prediction, and adaptive decision-making based on continuously updated 
data [27]. Therefore, the proposed framework does not treat BIM and Digital Twins as 
interchangeable technologies; rather, BIM provides the information foundation upon which 
the Digital Twin can operate, while the Digital Twin adds dynamic and real-time capabilities 
to the BIM-based information environment.

A cross-cutting issue identified across the thematic clusters is interoperability and 
data governance. The reviewed studies repeatedly identified fragmented databases, het-
erogeneous data structures, limited information exchange between BIM and other digital 
platforms, and insufficient interoperability among Digital Twins as barriers to implementa-
tion. Therefore, interoperability is not treated as an isolated technological component in the 
proposed framework; rather, it is considered a cross-cutting condition that enables continu-
ous information exchange among BIM, Digital Twins, IoT, RFID/sensors, Blockchain/DLT, 
and downstream decision-making and supply chain processes. This condition is particularly 
important in circular supply chains, where material information must remain accessible 
and usable across different organisations and lifecycle stages, from design and procurement 
to construction, deconstruction, recovery, and reuse. Without interoperable and governed 
data, Material Passports may remain isolated repositories, Digital Twins may operate as 
disconnected models, and RL decisions may lack reliable information.

Five core mechanisms explored directly from this synthesis:
• Life cycle data continuity and material intelligence, primarily informed by the Material 

Passport, CDW Management, and OSC clusters;
• Forward and reverse logistics coordination, derived particularly from the RL and 

OSC clusters;
• Decision intelligence and predictive capability, supported by the AI and Decision-

Making clusters;
• Adaptive learning and supply chain resilience, informed by the AI, Communica-

tion/Data Exchange, and Implementation clusters;
• Governance, trust, and transparency, reflecting recurring findings from Technology 

Integration, Communication/Data Exchange, and Implementation.

4.2. Core SSCM Mechanisms of the Framework
4.2.1. Life Cycle Data Continuity and Material Intelligence

The first mechanism points to the continuity and accumulation of material-related data 
during the entire building life cycle, spanning from design to deconstruction. BIM-based 
material libraries, when extended through Digital Twins, create persistent digital identities, 
encompassing material, component, and equipment, that would be promptly accessible 
to stakeholder during the maintenance phase for real-time monitoring [16] and offline 
information [111].

This mechanism underpins circular strategies such as material passports by provid-
ing stakeholders with a comprehensive information of material composition and analysis 
of sustainability indicators, design for disassembly (DfD) and reuse planning allowing 
efficient decision making upon the reusable based on design principals and recoverable 
materials, components, and equipment through a reliable and up-to-date quality control 
(QC) report remains accessible beyond the construction phase. Unlike traditional docu-
mentation practices, which often result in information loss at handover, the integration of 
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BIM and Digital Twins supports long-term material intelligence, persistent, accessible, and 
a prerequisite for effective CE implementation.

However, the literature reveals that this mechanism is constrained by data fragmen-
tation [74], inconsistent standards [8], and limited interoperability between digital plat-
forms [82], highlighting the need for integrated data governance structures within circular 
supply chains.

4.2.2. Digital Coordination of Forward and Reverse Supply Chain Flows
The second mechanism relates to the coordination of forward and reverse logistics. 

Where forward logistics encompass procurement, construction, and related logistics supply 
chain flow and reverse logistic pinpoints deconstruction, reuse, recycling supply chain flows.

Considering that most construction supply chains are designed and optimized for 
forward logistics [40], circular supply chains require the systematic integration of RL 
pathways and infrastructures.

BIM enables material recovery planning from early stage of design phase by embedding 
circularity considerations into construction design decisions and anticipation of demolition 
engineering requirement [112], while Digital Twins support real-time monitoring and 
adaptive coordination [113], expectedly during deconstruction and material redistribution. 
This dual capability allows supply chain actors to transition from reactive waste management 
to proactive circular logistics planning.

The review indicates that existing studies often treat RL as an isolated process. In the 
proposed framework, RL is positioned as an integral and digitally coordinated component of 
the supply chain, thereby addressing a key structural weakness in current CE-oriented con-
struction practices, which allows design team to consider rehabilitation and strengthening 
of used material and elements prior to reuse, if required.

4.2.3. Decision Intelligence and Predictive Capability
The third mechanism emphasizes intelligent decision-making, enabled through the in-

tegration of BIM and Digital Twins with AI and advanced analytics. Digital Twins facilitate 
simulating various scenarios, allowing stakeholders to compare alternative design [114], 
procurement [60], and BIM enables comparing EOL strategies under different conditions 
(e.g., economic, environmental, and operational) [35]. This mechanism is expected to sup-
port sustainability assessment during the early-stage design phase, life cycle cost (LCC) and 
carbon emission optimization, predictive maintenance and material degradation forecasting, 
and risk-aware supply chain decision-making.

It is noted that the previous studies largely overlooked behavioural and organizational 
dimensions of decision intelligence, such as trust in algorithmic outputs, human-AI collab-
oration, and institutional readiness. Without addressing these factors, decision-support 
systems may experience partial adoption due to technical sophistication.

4.2.4. Adaptive Learning and Supply Chain Resilience
The fourth mechanism interprets BIM and Digital Twins as tools for adaptive learning 

and resilience-building within construction supply chains. Employing continuous data 
gathering and analysing, as well as performance monitoring, Digital Twins allow supply 
chains to learn from past projects, respond to issues and disruptions, and adjust circular 
strategies over time.

This mechanism is exactly points to the context of supply chain disruptions, material 
scarcity and price volatility, and rules and regulations updates related to sustainability 
indicators and waste management.
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Embedding learning and adaptability into digital supply chain infrastructures, the 
proposed framework will extend circularity beyond static efficiency improvements toward 
long-term system viability and resilience.

4.2.5. Governance, Trust, and Transparency Across the Supply Chain
The fifth mechanism concentrates on governance and trust, critical enablers of circular 

supply chains which are under the control and management of multi-actor collaboration 
within longtime horizons. Integration of Blockchain and distributed ledger technologies 
with BIM and Digital Twins can enhance transparency, traceability, and accountability in 
material transactions and data exchange [15,115].

This mechanism strengthens verification of material origin and quality, sharing of 
sensitive data across organization within a secure communication, and amplifying circular 
procurement, RL, and contractual obligations.

In the proposed framework, the digital trust mechanisms not only literally emphasize 
technical features but also consider institutional enablers that affect stakeholder require-
ments to participate in circular supply chains. The absence of rule and regulation infrastruc-
ture and standardized contractual models is still a pivotal barrier to realizing these benefits 
in practice.

5. Future Research Directions
Based on the discussed clusters, the following future research directions are proposed.

5.1. Empirical Validation and Scalability of the Proposed Framework
Future research should empirically validate the proposed framework through case 

studies, pilot implementations, and longitudinal investigations across different construction 
projects and supply-chain contexts. Such studies are needed to examine whether the 
relationships identified in the literature can be translated into measurable improvements in 
information continuity, resource efficiency, waste reduction, and supply-chain resilience. 
Comparative studies across project types and organizational contexts could also clarify the 
scalability and boundary conditions of the framework.

5.2. Interoperability and Data Governance Across the Digital Supply Chain
A second direction concerns interoperability and data governance. The reviewed litera-

ture indicates that fragmented data environments, heterogeneous formats, and inconsistent 
information exchange remain important barriers to integrating BIM, Digital Twins, and 
complementary technologies. Future studies should therefore investigate common data 
structures, semantic interoperability, data ownership, access rights, and governance mecha-
nisms that enable reliable information continuity across organizations and lifecycle stages.

5.3. AI-Enabled Decision Intelligence and Dynamic Digital Twins
Future research should further examine how AI can be integrated with BIM and Digital 

Twins to support predictive and adaptive decision-making. Particular attention is needed 
for the quality and reliability of real-time data, the explainability of AI-supported decisions, 
and the interaction between human decision-makers and algorithmic recommendations. 
This direction could strengthen the transition from digital representation and monitoring 
toward decision intelligence within construction supply chains.

5.4. Integration of Forward and Reverse Logistics
Another important direction is the integration of forward and reverse logistics. The 

reviewed studies indicate that procurement and material flows are often examined sepa-
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rately from recovery, reuse, and recycling processes. Future research should investigate 
how BIM and Digital Twins can provide continuous information about material location, 
condition, availability, and recovery potential across both forward and reverse flows, thereby 
supporting more coordinated circular supply-chain operations.

5.5. Circular Material Management and Resource Recovery
Further research is also needed to connect digital information with practical circular 

resource management. Material Passports, BIM, Digital Twins, and waste-management 
technologies should be investigated not only as information repositories but as mechanisms 
for enabling material reuse, recovery, recycling, and design for disassembly. Empirical 
research should examine how such information can be incorporated into procurement, 
project planning, demolition, and post-use recovery decisions.

5.6. Organizational, Contractual, and Institutional Implementation
Finally, future studies should examine the organizational and institutional conditions 

required for implementation. Technical capabilities alone may not ensure successful adop-
tion of BIM–Digital Twin-based supply-chain systems. Research is therefore needed on 
contractual arrangements, procurement requirements, data responsibilities, investment and 
cost considerations, organizational capabilities, and regulatory mechanisms that influence 
implementation across different supply-chain actors, particularly smaller organizations.

Overall, the future research agenda should move from technology-centred investigation 
toward empirically validated, interoperable, and supply-chain-oriented applications of BIM 
and Digital Twins. Greater integration of digital technologies with logistics, circular resource 
management, decision-making, and institutional mechanisms is therefore an important 
area for further investigation.

6. Research Limitations
Although this study aims to provide a comprehensive review of research on the ap-

plication of BIM and Digital Twins in sustainable supply chain management, several limita-
tions should be acknowledged:

• Database selection: Scopus was used as the sole bibliographic database, which may 
have resulted in the omission of relevant publications indexed exclusively in other 
databases. Although snowballing was employed to identify additional studies, future 
reviews could combine Scopus with Web of Science and other relevant databases to 
improve coverage and reduce potential database-selection bias.

• Search terminology: The use of predefined BIM-related terminology may have ex-
cluded some relevant studies that employed alternative expressions, such as “building 
information model,” without explicitly mentioning BIM in the searched fields. Future 
research could broaden the search strategy to incorporate additional terminology and 
variations in how BIM and Digital Twins are described in the literature.

• Absence of formal quality appraisal: Given the integrated review approach adopted in 
this study, a formal study-level quality appraisal was not conducted. Consequently, the 
included studies were synthesized primarily based on their relevance to the research 
objectives rather than through a systematic assessment of their methodological quality. 
Future reviews could incorporate formal quality-assessment criteria to strengthen the 
evaluation of the evidence base.

• Citation-based selection bias: The use of a minimum threshold of 50 citations for the 
primary literature set may have favored older and more established publications, which 
have had more time to accumulate citations, while potentially underrepresenting recent 
and emerging research. This limitation is particularly relevant to rapidly evolving 

https://doi.org/10.3390/infrastructures11110397

https://doi.org/10.3390/infrastructures11110397


Infrastructures 2026, 11, 397 31 of 37

topics such as Material Passports, RL, and AI-enabled Digital Twins. To mitigate this 
limitation, the citation-based selection was complemented by forward snowballing, 
which identified 13 additional conceptually relevant studies. Furthermore, supplemen-
tary publications from 2024 with at least one citation and all relevant publications from 
2025, regardless of their citation counts, were incorporated into the review. Although 
these measures helped broaden the literature coverage, they may not have eliminated 
citation-related selection bias entirely.

7. Conclusions
This paper explored the application of BIM and Digital Twins in SSCM and CE within 

the construction industry. Through a comprehensive Scientometric and thematic review 
of 83 papers including 50 highly cited papers from Scopus (January 2019–20 July 2025), 
13 papers selected using the snowball system, 14 papers in 2024 with 1 or more citations, 
and all related papers published in 2025 equal to 6, the study identified key research trends, 
categorized the literature into BIM and Digital Twins, and analysed their roles in advancing 
sustainable construction practices.

The findings demonstrate that BIM and Digital Twins can significantly optimise ma-
terial usage, reduce waste, and enhance collaboration across construction supply chains. 
These technologies facilitate data-driven decision-making, improve LCA, and support the 
integration of CE principles, promoting the reuse and recycling of materials. However, 
challenges such as limited industry awareness, resistance to change, and inadequate tech-
nical expertise persist, hindering their widespread adoption. Addressing the challenges 
and offering incentives, including an extra technical bonus in the tender phase for Circu-
lar Supply Chain implementation in previous projects, as well as financial support, will 
enhance CE implementation in construction projects. In the meantime, promoting the 
reuse of materials in construction projects through clarification campaigns, publishing test 
results comparing the performance of reusable materials with the original materials, and 
reducing the price of reusable materials by providing a free-of-charge warehouse with easy 
access are workable solutions. These solutions will motivate the industry leaders to utilise 
secondary materials. Answering the second question, innovative achievements still need to 
be developed. Although various studies contribute to the development of frameworks and 
approaches to promote circular supply chains in the construction industry, the transition to 
practical outcomes is lacking.

The study proposes several future research directions, including the development of 
more accessible BIM tools for SMEs, the exploration of BIM integration with emerging 
technologies such as AI and IoT, and the establishment of standardised frameworks for data 
interoperability. Additionally, there is a need for further research on applying BIM and Dig-
ital Twins in real-world projects, particularly in regions with limited digital infrastructure.

By addressing these gaps, the construction industry can fully harness the potential of 
BIM and Digital Twins, contributing to more sustainable, cost-effective, and efficient supply 
chain management practices. The insights from this research can guide policymakers, 
practitioners, and researchers in promoting and implementing sustainable construction 
methods to mitigate the industry’s environmental impact.

The study tries to encompass a comprehensive range of research focused on the ap-
plication of BIM and Digital Twins in sustainable supply chain management; however, 
limitations are recognized. One limitation concerns the use of Scopus as the sole biblio-
graphic database. Although snowballing was used to identify additional relevant studies, 
publications indexed exclusively in other databases may have been missed. Future reviews 
could combine Scopus with Web of Science and other relevant databases to reduce potential 
database-selection bias. The use of a defined BIM terminology may have excluded a limited 
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number of studies that used alternative expressions, such as “building information model”, 
without referring explicitly to BIM in the searched fields. Also, considering the integrated 
review approach utilized for the research, a formal study-level quality appraisal is not per-
formed. Moreover, the use of a citation threshold of 50 citations for the primary literature 
set may introduce citation-related selection bias. Highly cited publications are more likely 
to be older and to have had greater opportunities to accumulate citations, whereas recent 
and emerging research may be underrepresented. This limitation is particularly relevant to 
rapidly developing areas such as Material Passports, RL, and AI-enabled Digital Twins. To 
reduce this issue, the citation-based selection was complemented by forward snowballing, 
through which 13 additional conceptually relevant studies were identified. In addition, a 
supplementary set of papers was added, which included those published during 2024 with 
one or more citations and all related 2025 papers regardless of the number of citations.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/infrastructures11110397/s1.
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The following abbreviations are used in this manuscript:

AI Artificial Intelligence
BIM Building Information Modelling
CE Circular Economy
CDW Construction and Demolition Waste
DfD Design for Disassembly
EOL End-of-Life
GIS Geographic Information System
HBIM Historic-BIM
LCA Life Cycle Assessment
LCC life cycle costs
ML Machine Learning
SMEs Small & Medium-Sized Enterprises
OSC Off-Site Construction
QC Quality control
RFID Radio Frequency Identification
RL Reverse Logistics
SSCM Sustainable Supply Chain Management
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