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A B S T R A C T   

Construction is one of the most impactful sectors in the use of resources, while having a complex network of 
stakeholders. To drive towards sustainable development, implementing circular economy (CE) principles in 
construction projects by connecting stakeholders has become a priority. This research explores the current trends 
in CE-research in construction and identifies gaps for future directions in connecting stakeholders for CE. Hence, 
a systematic literature review (quantitative and qualitative) was undertaken. The quantitative analysis identified 
a gradual increase of CE research in construction. The qualitative content analysis revealed that there is a ten-
dency to adapt various models/frameworks, actions for CE adaption, strategies for stakeholder collaboration, 
and, digital technologies to connect stakeholders for CE. Lack of promoting CE is a key challenge that needs to be 
addressed for efficient stakeholder collaboration. Blockchain, could be an enabler for effective stakeholder 
collaboration for CE in construction and will be the way forward.   

1. Introduction 

The traditional linear economy focuses on the ‘take, make, dispose’ 
production model. However, the traditional linear economic model is 
reaching its tipping point, limiting the supply of inputs for mankind that 
needs sustenance (Sariatli, 2017). According to Magazzino et al. (2021), 
the traditional economy is slowly shifting towards a circular economy 
(CE). CE assists in achieving a sustainable built environment by 
improving resource efficiency and effectiveness and reducing resource 
use and waste to lower the environmental impact (Jansen et al., 2020). 
Effective collaboration of key stakeholders is vital to achieve circularity 
and minimise negative sustainability impacts during the whole lifecycle 
of a construction project (Leising et al., 2018). 

The construction industry has a significant impact on the environ-
ment. It produces around 10 billion tonnes of construction and demo-
lition (C&D) waste each year and has a low waste recycling or reuse ratio 
(Leising et al., 2018; She et al., 2020). The CE concept is used in the 
construction sector to recycle C&D waste. However, there is still a need 
to incorporate CE during the design stage to promote the reuse of ma-
terials and resources throughout the whole lifecycle (Adams et al., 
2017). Buildings should be designed to preserve their reusability and 

value until the end of life (Senaratne et al., 2021). KPMG (2020) stated 
that Australia has the potential to embrace circularity by producing 70% 
of buildings as energy-efficient buildings by 2028. 

In a linear construction supply chain, stakeholders have already 
encountered challenges related to lack of information transparency, 
fragmented value chain and lack of agreement. These stakeholders, 
which included manufacturers, suppliers, subcontractors, contractors 
and so forth, have identified a considerable amount of rework and waste 
as the main consequence (Chen et al., 2020; Love et al., 2004). On the 
other hand, in a circular form of construction, these challenges are 
magnified because additional players (such as demolition contractors 
and recycling plants) add another layer of complexity to the supply 
chain network (Chen et al., 2022). 

There is a growing body of CE research in construction. Most studies 
have mainly analysed the implementation of CE from a process 
perspective, focusing on materials and waste management (for example, 
Chen et al. 2022; Munaro et al. 2020). They have identified some 
stakeholders involved in a circular model in the built environment and 
even highlighted the importance of promoting stakeholders’ collabora-
tion. However, these studies have not fully explored stakeholders’ 
collaboration in CE. Therefore, the following research question was 
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identified and addressed in this paper: What are the current research 
trends and gaps related to stakeholder collaboration for CE? The 
following section explains the research methods adapted. The research 
findings are presented in Section 3. Finally, the conclusions of the study 
are offered with further research directions. 

2. Research methodology 

This study aimed to explore current research trends, gaps and future 
directions on stakeholder collaboration towards a circular built envi-
ronment. To achieve this aim, a systematic literature review was carried 
out in two parts, a quantitative analysis using bibliometrics followed by 
a qualitative content analysis. Systematic literature reviews are 
commonly used in construction and can identify critical trends and gaps 
in literature by achieving the best evidence-based answers to a specific 
question (Belayutham et al., 2016; Ayodele et al., 2020). Data is syn-
thesised and extracted from the literature after exhaustive planning, 
evaluation and identification of the available resources (Ayodele et al., 
2020). Considering the available systematic literature review protocols, 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) were selected as the most suitable framework. 

PRISMA can be used to produce evidence-based outcomes with 
improved quality in the review and transparent literature selection 
process (Moher et al., 2009). According to Moher et al. (2015), PRISMA 
has a methodological and analytic approach that is clear and easy to 
understand. PRISMA has evolved through time to cover conceptual and 
practical advances within systematic reviews and as an answer to the 
lack of optimal reporting from a meta-analysis. The protocol is suitable 
for large academic literature databases, screening information and 

evaluating the eligibility of relevant literature (Shahruddin and Zairul, 
2020). Several research studies related to construction/built environ-
ment, including Ayodele et al. (2020), Shahruddin and Zairul (2020), 
have used PRISMA to conduct their systematic literature review. The 
PRISMA framework developed for this study is presented in Fig. 1. 

The main search string used to retrieve bibliometric data related to 
the research area of concern was: (“Circular economy” AND “stake-
holders”) AND (“construction” OR “built environment”). An initial 
search using Scopus and Web of Science databases was done for all fields 
and received 2012 documents. The number being too high made it 
difficult for a detailed analysis. Due to time and resource limitations, the 
search criteria were limited to ‘Article title, Abstract, Keywords’ and the 
date range ‘2011 to 2021′. This resulted in identifying 119 publications 
(after removing duplications) as of September 2021, which were 
included in the quantitative analysis carried out using bibliometric 
software, VOS Viewer and manual analysis. 

From the 119 papers, inclusion and exclusion criteria were decided 
to identify the most relevant papers and conduct a qualitative content 
analysis. The product-related papers, non-construction related papers 
and papers that did not focus mainly on CE were excluded, while the 
management-related papers were included in this analysis. Accordingly, 
54 papers out of 119 were shortlisted. The content analysis was used to 
review the paper’s contents thoroughly in broader themes such as (1) 
models and frameworks in CE; (2) actions for CE adaption; (3) strategies 
for stakeholder collaboration for CE; and (4) the potential use of various 
digital technologies to improve CE. The research findings are presented 
under the two sections in ‘Findings and Discussion’ section. 

Fig. 1. PRISMA protocol for the systematic review process.  
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3. Findings and discussion 

3.1. Bibliometric analysis through quantitative systematic literature 
review 

3.1.1. Mapping of research areas/keywords and countries 
VOS Viewer was used to develop the bibliometric network for the 

keywords used in the research area focused on this study. A cleaning 
process was carried out to remove duplicates (some singular and plural 
terms were repeated), and the final output is displayed in Fig. 2. 

The most popular keywords found in the selected research articles 
have been presented in Fig. 2. The size of the nodes indicates the usage 
of keywords, while the links represent the co-relation between key-
words. The biggest node represents ‘circular economy’, indicating that it 
is the most commonly used keyword in the selected data set. Keywords 
such as construction industry, sustainable development, recycling, built 
environment and waste management have been considered as the next 
level in popularity and demand. One of the key areas discussed in this 
paper, ‘stakeholder’, falls in the next level emphasising its importance to 
be explored. A bibliometric analysis was carried out on stakeholder 
involvement for CE in construction/built environment. The legend 
demonstrates the timeline of published keywords. The current trend 
towards research on circular economy, stakeholders, sustainability and 
so forth can be clearly seen in Fig. 2. A timeline was generated to 
demonstrate the current dominant research areas related to stakeholders 
and CE in construction, as demonstrated in Fig. 3. 

According to Fig. 3, concepts related to circular economy and 
stakeholders have been researched in very recent years. Especially 
construction and demolition waste, reuse, economic conditions, waste 
management, and sustainable development, amongst others, have been 
focused in the recent past. Before that, focus has been more towards 
sustainable construction and economy in general. This indicates more 
tendency towards these research trends, emphasising why this study was 
carried out to explore the current research trends and gaps on stake-
holder collaboration towards CE. 

A bibliometric network to demonstrate countries that have worked 
on this research area was produced using VOS Viewer, as shown in 

Fig. 4. 
Fig. 4 indicates that the UK, followed by Italy, has conducted most 

research. Countries such as the Netherlands, US, Spain, France and 
Australia are not far behind. However, out of all publications related to 
this area, only one conference paper published by Senaratne et al. 
(2021) has discussed the importance of stakeholder collaboration in 
adapting CE principles for sustainable construction. There is a clear gap 
in the investigated research that indicates the importance of exploring 
this research area. 

3.1.2. Annual trend of publications and prominent publishers 
The annual publications in the selected research area were analysed 

to observe its trends, as illustrated in Fig. 5. 
Fig. 5 demonstrates the annual publications on CE. The orange line 

indicates the publications on CE in construction/built environment, 
while the blue line indicates the publications related to stakeholders for 
CE in construction/built environment. According to Fig. 5, the graph on 
CE shows an exponential increase after 2016 displaying the tendency 
towards research in this area. Though we considered publications after 
2011, publications related to ‘stakeholders for CE’ commenced only 
after 2014. In 2014, one journal publication was done, followed by a 
gradual increase every year, with a peak of 41 publications in 2020 and 
34 in 2021 (as of September). Within the last 3 years, the focus in this 
research area has increased massively, emphasising the importance of 
research in stakeholder collaboration in CE. 

The prominent research publishers in the forms of journal articles 
(91 in total) or conference manuscripts (28 in total) have been presented 
in Table 1. 

It is observed that sustainability focused journals that are beyond 
construction discipline are the key contributors in CE-related construc-
tion research. The above quantitative analysis of systematic literature 
review assisted in offering a holistic picture of current CE research in 
construction to achieve the aim partially. A content analysis was carried 
out next to achieve the aim fully, as discussed next. 

Fig. 2. Network of keywords on stakeholders for circular economy in construction.  
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3.2. Research trends in CE through qualitative systematic literature review 

Several research trends were identified through the content analysis 
of the selected 54 papers and summarised in Table 2. 

The above-identified research trends have been discussed in detail 
under 4 themes, (1) models and frameworks related to CE, (2) actions for 
CE adaption; (3) strategies for stakeholder collaboration for CE; and (4) 
potential use of various digital technologies for improvements in CE, in 
Sections 3.2.1, 3.2.2, 3.2.3 and 3.2.4 respectively. Then, in Section 
3.2.5, future research directions by identifying gaps in current research 
are discussed. 

3.2.1. Models and frameworks related to CE 
A CE framework and stakeholder network representing the con-

struction sector was developed by Volk et al. (2019) to capture the 
material stocks and flows, relations, conflicting relations and adversarial 
leverages. Stakeholder networks are commonly neglected and, along 
with them, their impact on the decision-making process, materials de-
mand and policy measures, or simply identifying who they are. This 
leads to an incomplete understanding of the demand and supply for 

recycled C&D waste and the material stocks and flows system (Volk 
et al., 2019). Moreover, construction projects involve several parties and 
processes that interact temporarily, with different levels of interest, 
sometimes lacking in information on their duties and roles which leads 
to time delays and cost overruns, making construction projects 
complicated and inefficient (Yang et al., 2009). 

Volk et al. (2019), to address this problem, started by identifying the 
main stakeholders involved in construction, targeting the production, 
consumption and reduction economy of materials. Stakeholders were 
divided into four main groups: ‘public authorities’, ‘clients and owners’, 
‘planners and construction companies’, and ‘recycling, demolition and 
disposal companies and construction material manufacturers’. Then 
influences and conflicts of interest amongst stakeholders were identified 
from environmental, financial, customer, staff and development, and 
process perspectives. The research considers building lifecycle and 
stakeholder levels and their effective influence during building lifecycle 
stages. However, the current models lack validation on both national 
and regional levels (Wu et al., 2014). The collaboration amongst 
different stakeholders will not only improve the transparency of con-
struction processes but also increase the level of trust amongst all 

Fig. 3. Timeline of dominant research areas related to stakeholders and circular economy in construction.  

Fig. 4. Countries researching on stakeholder involvement in circular economy.  
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parties, promoting solid and cohesive partnerships (Hart et al., 2019). 
A theoretical framework for waste minimisation considering CE 

has been presented by Esa et al. (2016), which included strategies that 
could be used at micro, meso and macro levels. At the micro level, the 
focus is on waste minimisation; at the meso and macro levels, the most 
concern is reuse and recycling. It also identified the stakeholders as well 
as the stage that these strategies could be implemented. Coordination 
between stakeholders could influence waste minimisation and 
contribute to a better CE. 

Modular buildings, when paired with computational tools for life-
cycle traceability, could have vital social importance in addressing 
sustainability and CE. Rausch et al. (2020) introduced a product 
cycling model for modular buildings, including computational com-
ponents to generate modular topology, lifecycle costs and lifecycle 
analysis. 

Charef et al. (2019) developed a conceptual framework to use BIM 
for implementing CE at the end-of-life phase. BIM allows improving 
stakeholder collaboration while improving CE related to the construc-
tion industry. It includes the project, asset, and deconstruction infor-
mation models demonstrating how these could be used in the 
deconstruction/end-of-life stage. This assists in changing a linear 

system to a CE. 
A design process map has been developed to connect building 

materials reuse stakeholders during the design phase of a project (Ali, 
2019). The proposed business process workflows are integrated with the 
BIM project execution planning guide. Architects and building pro-
fessionals could use the introduced decision support system to integrate 
sustainable solutions, including reusing building materials and compo-
nents. Coordination between stakeholders at the design stage could 
minimise waste in construction and contribute to a CE. 

A probabilistic model using machine learning techniques was 
developed by Rakhshan et al. (2021) to predict the reuse of structural 
elements at a building’s end-of-life stage. This model used the Random 
Forests (RF) model, showing the lowest error rate and the highest overall 
accuracy. It also provides the rules to be followed when using the model. 

Jansen et al. (2020) introduced a Circular Economy Life Cycle Cost 
(CE-LCC) model that could be used to assess circular building products. 
A case study was used to test the model considering multiple interests, 
lifespan, and re-manufacturing and recycling scenarios. 

Re-Manufacturing Networks for Tertiary Architectures (Re- 
NetTA) is an ongoing project that identifies re-manufacturing and reuse 
networks and processes to reduce waste generation from renewals in 
short-term cycles, lifecycle management and sustainable business 
models (Talamo et al., 2020). 

3.2.2. Actions for CE adaption 
Charef and Lu (2021) identified 64 factors that impact CE adaption 

in the construction industry and categorised them under (1) organisa-
tional; (2) political and procedural; and (3) technical factors. An entity 
relationship diagram maps how these factors are connected to the en-
tities: stakeholders, asset lifecycle, material circularity, regulations, and 
facilitating technologies. Similarly, various other studies identified ac-
tions for improving the adaptability of CE. Cristiano et al. (2021) pro-
posed actions as well as a SWOT-TOWS analysis after evaluating the 
C&D waste management system used in Naples, Italy. 

Many countries in the European region, including Germany, the UK 
and others, have introduced CE principles into their policies and 
legislation (Smol et al., 2017). These policies emphasise the involve-
ment of countries’ governments in adapting circularity to contribute to 
the United Nations Sustainable Development Goals. A study by Lv et al. 
(2020) analysed China’s national, provincial and municipal policies to 
identify and promote CE and waste management performance. Aslam 
et al. (2020) reviewed the C&D waste management regulations and 
policies in China and the USA, where many actions, such as economic 

Fig. 5. Annual publications related to circular economy.  

Table 1 
Key contributing journals/conferences related to research on stakeholders for 
circular economy in construction.  

Name of Journal/Conference Number of 
Publications 

IOP Conference Series: Earth and Environmental Science 17 
Journal of Cleaner Production 13 
Sustainability 12 
Resources, Conservation and Recycling 7 
Journal of Environmental Management 3 
Recycling 3 
Research for Development 3 
Clean Technologies and Environmental Policy 2 
Ecological Economics 2 
International Journal of Life Cycle Assessment 2 
International Multidisciplinary Scientific GeoConference 

Surveying Geology and Mining Ecology Management, SGEM 
2 

Journal of Construction Engineering and Management 2 
Procedia CIRP 2 
Smart Innovation, Systems and Technologies 2 
Waste Management and Research 2 
Others (36 journals and 9 conference papers had only 1 

publication within the search) 
1  
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incentives and technical education, have been implemented. Oliveira 
et al., 2021 identified strategies to be incorporated within policies at the 
regional level focusing on Manaus, Brazil, which could be applied to 
other Brazilian municipalities and other countries as well. 

Castillo and Angelis-Dimakis (2019) reviewed the European policy 
and suggested ways to improve the current limitations. A study con-
ducted for the Danish built environment suggested including lifecycle 
assessment and water and biodiversity calculations when processing 
building permits as sustainable measures (Hansen and Lynge, 2020), 
which could be continued to improve CE. A CE is strongly featured in 
Finland’ common objectives are being set within various ministries to 
promote CE in the property and construction industry (Karhu and 
Linkola, 2019). The UK has introduced a landfill tax, which encourages 
stakeholders to pursue waste recycling instead of landfilling (Casa-
s-Arredondo et al., 2018). Landfill tax increased the quantity of crush-
ing/recycling sites. However, more emphasis is required on better 
segregation on site and improving regulation of the waste industry 
(Ghaffar et al., 2020). 

The circular business model is a novel concept explored recently to 
create a potential driver for CE transitions (Lacy et al., 2014). Adapting 

circular flows of material and information assist in decreasing resource 
extraction, fossil energy consumption and environmental pollution, 
which could be achieved through new business models (Zabek et al., 
2020). The business model perspective is important in sustainability as it 
highlights an organisation’s value creation and allows for new gover-
nance forms while enhancing profit-maximising models (Schaltegger 
et al., 2015). According to Bocken et al. (2016), circular business models 
encourage the reuse of products through business model innovation and 
improvements in manufacturing inefficiencies. Various tools related to 
circular business models have been developed to guide business de-
velopers in overcoming challenges to design business models towards 
circularity (Bocken et al., 2019). Adding collaboration of stakeholders 
for the circular business model could contribute to more improvements 
in a CE. Circular building design involves design for disassembly, 
allowing future repair, remanufacture, and reuse of building compo-
nents; adaptive reuse of buildings; and using salvaged materials in new 
construction (Cruz Rios et al., 2021). Dokter et al. (2020) studied the 
current practices related to circular design and how it could be 
improved through circular design methods. The results revealed that a 
lack of collaboration with stakeholders in the design processes could 
make it difficult to carry out the circular design. This could be resolved 
by supporting collaboration throughout the design process and consid-
ering the lifecycle of materials. Similarly, the barriers to implementing 
circular design could be mitigated through several actions. Andrade 
et al. (2019) identified two methods that could be used to practice 
sustainability and CE by incorporating them at the early design stage. 
The two methods are: (1) compare design alternatives to select the most 
sustainable choice, and (2) cost-benefit analysis method to analyse 
alternative building solutions. 

Industrialised housing construction extends beyond the prefabrica-
tion of elements. Using industrialised housing construction, including 
Information Communication Technology (ICT), planning and control 
processes, and strong stakeholder relationships could increase produc-
tivity (Kedir and Hall, 2021; Lessing et al., 2005). Kedir and Hall (2021) 
identify various product-related, process-related and other strategies to 
improve resource efficiency in industrialised housing construction 
across building lifecycle phases. Resource efficiency assists in balancing 
sustainable requirements as well as the demand for affordable housing. 
This can be achieved with the collaboration and clear identification of 
all stakeholders involved during the lifecycle of a building (Senaratne 
et al., 2021). 

3.2.3. Strategies for stakeholder collaboration for CE 
Zabek et al. (2020) observed stakeholders’ involvement in a building 

project, especially to explore their impact on CE processes and to 
identify the most important stakeholder groups that lead projects to-
wards circularity in the regional context. CE in the building and con-
struction sector demands comprehensive stakeholder collaboration 
(Karhu and Linkola, 2019; Shooshtarian et al., 2020). Giorgi et al. 
(2020) looked at changing the building renovation process and stake-
holders’ relationships to a circular building renovation process by 
adding a waste management phase and connecting the stakeholders 
effectively to collaborate and carry out waste management practices. 
According to Cruz Rios et al. (2021), the stakeholders, policymakers, 
Non-Governmental Organizations (NGOs), industry associations, and 
researchers have the highest leverage to enable CE in the US building 
sector. Guerra and Leite (2021) suggested that multi-stakeholder 
engagement, especially related to government, business and academia, 
would push forward adapting a CE model in the built environment. 

In a CE, stakeholders may share a double field of interest, which at 
one point involves by-products and, on the other hand, waste that would 
reach the end-of-waste status (Migliore et al., 2020). Occasionally, the 
manufacturer of building materials and components may also become 
the receiver of recyclable waste from other sectors. For example, old car 
tyres can be used in asphalt road construction. According to Hart et al. 
(2019), long-term partnerships improve value chain management 

Table 2 
Summary of the identified research trends.  

Models and 
frameworks 
related to CE 

Actions for CE 
adaption 

Strategies for 
Stakeholder 
collaboration for 
CE 

Potential use of 
various digital 
technologies in 
CE  

• CE framework 
and stakeholder 
network 
(Senaratne 
et al., 2021; 
Volk et al., 
2019)  

• Theoretical 
framework for 
waste 
minimisation 
(Esa et al., 
2016)  

• Product cycling 
model for 
modular 
buildings 
(Rausch et al., 
2020)  

• A conceptual 
framework to 
use BIM  

• A design 
process map 
(Ali, 2019)  

• A probabilistic 
model using 
machine 
learning 
techniques 
(Rakhshan 
et al., 2021)  

• Circular 
Economy Life 
Cycle Cost (CE- 
LCC) model 
(Jansen et al., 
2020)  

• Re- 
Manufacturing 
Networks for 
Tertiary 
Architectures 
(Re-NetTA) 
(Talamo et al., 
2020)  

• Consider 
organisational, 
political and 
technical factors 
that impact CE 
adaption 
(Charef et al., 
2019; Munaro 
et al., 2019; 
Volk et al., 2019)  

• Introduce 
policies and 
legislation (Cruz 
Rios et al., 2021; 
Ghaffar et al., 
2020; Karhu and 
Linkola, 2019)  

• Introduce 
circular business 
models (Giorgi 
et al., 2020; 
Mhatre et al., 
2021; Munaro 
et al., 2020; 
Ratnasabapathy 
et al., 2021; 
Talamo et al., 
2020)  

• Circular design 
(Cristiano et al., 
2021; Dokter 
et al., 2020)  

• Focus on 
resource 
efficiency in 
industrialised 
housing 
construction 
(Ghaffar et al., 
2020; Kedir and 
Hall, 2021; 
Rausch et al., 
2020)  

• Comprehensive 
collaboration 
between 
stakeholders 
(Karhu and 
Linkola, 2019; 
Shooshtarian 
et al., 2020)  

• Multi- 
stakeholder 
engagement 
(Guerra and 
Leite, 2021)  

• Double field of 
interest 
(Migliore et al., 
2020)  

• Long-term 
partnerships 
(Hart et al., 
2019)  

• Blockchain 
for waste 
management 
(Senaratne 
et al., 2021)  

• BIM for CE 
(Charef, 
2022; 
Kovacic et al., 
2020)  

• IoT, Big Data 
and AI for CE 
(Argus et al., 
2020)  
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resulting in effective collaboration to achieve common goals in a less 
adversarial approach. Collaboration tends to be successful when the 
parties trust each other. Trust is usually developed over the years. 
Therefore, long-term partnerships tend to collaborate and work towards 
common goals for achieving CE. Stakeholder collaboration is the key 
remedy to improve this kind of situation in reality. Ghaffar et al. (2020) 
opined that a tool is required for C&D waste management to compel 
stakeholders such as industrial, research, civil organisations, public 
authorities, and policymakers to invest in closed-loop construction. 

3.2.4. Potential use of various digital technologies for improvements in CE 
Digital technologies have a significant potential to predict and 

optimise waste and recycling while contributing to CE (Kovacic et al., 
2020). Especially when the focus is on stakeholder engagement, digital 
technologies may promote traceability and enhance the confidentiality, 
transparency and reliability of circular projects with a reduced envi-
ronmental impact (Asim et al., 2021; Turk and Klinc, 2017; Charef, 
2022). 

Building Information Modelling (BIM) can potentially resolve the 
C&D waste-related issues by using it for end-of-life asset management 
(Charef et al., 2019). According to Munaro et al. (2019), building ma-
terials passports are tools for inserting CE in buildings. The information 
stored within the building material passport could be managed through 
BIM. Chang and Hsieh (2019) mentioned that the major strength of BIM 
for circular buildings would be its capacity to store and share mean-
ingful properties of different building elements amongst stakeholders. 
Charef et al. (2021) identified the socioeconomic and environmental 
barriers to implementing CE in a BIM environment. These barriers 
include the lack of client demand, second-hand materials, reused and 
recycled products. 

Additionally, good coordination between demand and supply, aim-
ing for profitability instead of innovation or improvement on current 
processes, inefficient marketing for reclaimed materials and the lack of 
its planning are pointed out as barriers to the implementation of CE, 
together with the lack of sustainability criteria during the design stage to 
implement waste minimization strategies and the 3Rs benefits in con-
struction and demolition wastes (Charef et al., 2021; Zaman et al., 
2018). Social barriers were identified as people’s behaviours on waste 
management, including the fear of extra costs or disbelief in eliminating 
waste, lack of awareness of CE or life-cycle principles and identifying the 
value of reusing or recycling. Finally, the resistance to change, especially 
from manufacturers, is seen as one of the significant social barriers 
(Couto and Couto, 2010). 

BIMaterial is a BIM-based material passport introduced by Kova-
cic and Honic (2020), which could be used as a design-optimisation tool, 
as material inventory and as a document on material assets of building 
stocks. Accurate information about the existing building stock and 
recycling rates is essential for circularity. Kovacic et al. (2020) reviewed 
BIMaterial and SCI-BIM (Scanning and data capturing for Integrated 
Resources and Energy Assessment using Building Information Model-
ling) to present a digital platform that could be used to achieve CE 
through inter and intra-firm digital ecosystems. A cloud-based block-
chain system interacting with BIM can track products throughout a CE 
(Teisserenc and Sepasgozar, 2021; Argus et al., 2020). Blockchain in-
tegrated with BIM can improve stakeholder collaboration and beyond 
the benefits of the BIM-based material passport. Blockchain provides an 
immutable decentralised database that consists data captured through 
the BIM model within its entire lifecycle and it can be shared with 
construction stakeholders to contribute to single source of truth. 

A study on smart cities identified that the Internet of Things (IoT) 
and Big Data, in terms of productivity and efficiency, has the outlined 
perspective for fielding the CE paradigm (Talamo et al., 2019). IoT and 
Big Data assist in optimising services, increase the efficiency of resources 
and, amongst others, creating small steps towards reaching a CE. 
Ghaffar et al. (2020) suggested that mobile robotic sorting and reproc-
essing machines with innovative technologies such as Artificial 

Intelligence (AI) and IoT could contribute to efficient waste manage-
ment processes to improve stakeholder engagement and realise circular 
construction. IoT, AI and Big Data are technologies that could improve 
the coordination between stakeholders and contribute towards 
achieving CE in the construction industry. 

Blockchain is a decentralised and distributed technology that can be 
used for data management and accounting transactions. The potential 
use of blockchain in waste trading processes for sharing, reporting, and 
auditing waste materials, eliminating trusted intermediaries, is to create 
wider circular business networks (Steenmans et al., 2021). An incentive 
mechanism integrated with a blockchain-based waste trading system 
that connects all stakeholders together would assist in reducing waste 
and contributing to CE through recycle, reproduce and reuse strategies. 

The above sections (Sections 3.2.1, 3.2.2, 3.2.3 and 3.2.4) discussed 
research trends on various CE models, actions for CE adaption, strategies 
for stakeholder collaboration for CE, and digital technologies that 
contribute to circularity. The following section discusses the future 
research directions to further improve stakeholder collaboration in a CE 
by identifying current gaps. 

3.2.5. Future research directions by identifying gaps in current research 
The Sections 3.2.1, 3.2.2, 3.2.3, and 3.2.4 discussed how to achieve 

circularity through introduction of various models, actions for CE 
adaption, strategies for stakeholder collaboration and use of technolo-
gies. When implementing stakeholder collaboration, it is important to 
identify the steps within the process that could lead towards achieving 
CE. A construction project involves multiple stakeholders usually having 
ad-hoc arrangements. Therefore, trust, transparency, accountability, 
security are some of the key concerns for stakeholders. Stakeholders 
collaborate and cooperate with each other, when these qualities exist. 

The models and frameworks identified in Section 3.2.1 emphasise 
the importance of stakeholder collaboration to exchange materials, 
minimise waste, trace products, improve accuracy, and improve sus-
tainability (Esa et al., 2016; Charef et al., 2019; Rausch et al., 2020). 
Section 3.2.2 discussed actions for CE adaption to achieve several ben-
efits related to improving waste recycling instead of landfilling, decrease 
resource extraction and environmental pollution, implementing circular 
design and improve resource efficiency (Casas-Arredondo et al., 2018; 
Dokter et al., 2020). Similarly, Section 3.2.3 highlighted how 
multi-stakeholder collaboration, double field of interest, long term 
partnerships can be practiced with more trust and transparency (Guerra 
and Leite, 2021; Hart et al., 2019; Migliore et al., 2020). The above 
research findings on models, actions and strategies for stakeholder 
collaboration establish the importance and needs for stakeholder 
collaboration, but inadequate in extending to create circularity in con-
struction. On the other hand, the research trends identified on digital 
technologies, except blockchain (see Section 3.2.4) were also limited in 
enabling evidence-based trusted transactions and pursue the goals of 
transparent, tracked and immutable transactions to advance CE propa-
gation in society and industry through effective stakeholder 
collaboration. 

Use of blockchain is a common solution in achieving trust, trans-
parency, accuracy, immutability, security and so forth (Rodrigo et al., 
2020). Blockchain has the potential to be used for waste trading with a 
reward/penalty mechanism to improve stakeholder involvement as well 
as collaboration (Ratnasabapathy et al., 2021). It contributes to mini-
mise wastage connecting buyers and sellers efficiently without the 
involvement of a third party. Tracing of products and monitoring each 
step in the process without losing any data could be easily achieved 
through blockchain. Rather than having several systems for resource 
handling, procurement, delivery and so forth, all stakeholders connected 
through one common database through blockchain, would be easy to 
avoid issues related to redundancy and miscommunications. 

Building information modelling (BIM) can potentially improve 
management and stakeholder collaboration issues related to construc-
tion projects (Asim et al., 2021; Charef, 2022). It was found that there 
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was some BIM-related research to enable CE in construction. However, 
there is clear evidence that greater stakeholder collaboration is not yet 
achieved using BIM (BELAYUTHAM et al., 2016; Chan et al., 2019; Liu 
et al., 2015). The centralised nature of BIM expects to have central 
control and authority that could be problematic, which is negated by the 
decentralised distributed ledger technology such as blockchain. The 
salient features of blockchain make it a better option than other tech-
nologies such as BIM, augmented reality, virtual reality, internet of 
things, amongst others, to improve stakeholder collaboration in 
achieving circularity. Blockchain has the better potential not only to 
connect all transacting stakeholders with higher reliability, trans-
parency, confidentiality, accuracy and traceability but also it offers a 
better opportunity to create circularity by reducing the environmental 
impacts and consequent resources depletion, costs and inefficiencies 
throughout a building lifecycle (Asim et al., 2021; Charef, 2022; Turk 
and Klinc, 2017). Smart contracts within the blockchain can provide the 
algorithms required to govern CE. As such, amongst different technol-
ogies, blockchain could be identified as a suitable technology for 
implementing industrywide CE applications. However, the systematic 
review of current research trends established that blockchain as an 
enabler for stakeholder collaboration for a CE is yet to be explored and it 
could be an imperative further research focus. 

4. Conclusion 

Many stakeholders are involved at different stages throughout a 
project’s lifespan. Due to deficiencies in awareness, communication, a 
collaboration of stakeholders and supply chains, the construction project 
and its critical decisions are affected. Stakeholder collaboration is vital 
to achieve circularity and minimise negative impacts during the whole 
lifecycle of a project. Hence, this paper aims to explore current research 
trends and gaps on stakeholder collaboration towards a circular built 
environment. 

A systematic literature review, along with the PRISMA framework, 
was adapted. The literature review was carried out in two parts. The first 
part involved a quantitative analysis using bibliometric networks, while 
the second part focused on an in-depth content analysis carried out 
manually. The quantitative analysis revealed that, in the last decade, 
there has been a focus on exploring circularity in the construction in-
dustry to promote sustainable developments, recycling, and waste 
management. Fig. 3 demonstrated the timeline of dominant research 
areas where concepts related to circular economy and stakeholders have 
been researched in very recent years emphasising the current trend to-
wards researching in these areas. The analysis of the geographical 
spread of CE research revealed that the UK has carried out several pieces 
of research on the involvement of stakeholders for CE in construction, 
followed by the Netherlands, the US, Spain, France and Australia. Fig. 5 
indicates a great tendency towards CE-related research in the past 
decade, while stakeholder aspects of CE research have also gradually 
grown. IOP conference series and the Journal of Cleaner Production 
reported the highest number of CE-related papers under the conference 
proceedings and journal publications categories, respectively. 

The content analysis assisted in reviewing the short-listed papers in 
detail and identifying the current trends, gaps and future directions in 
CE-related research in the built environment. There were a few meth-
odological limitations in this study. For example, the time-related con-
straints, where only the papers published until September 2021 was 
considered for the systematic literature review. As a result, even if more 
papers related to this area may have been published afterwards, they 
could not be included. When shortlisting papers for the qualitative 
content analysis using inclusion and exclusion criteria, researcher’s 
judgement was required. Mainly the abstracts of 119 papers were 
reviewed to make such judgements. However, all steps in the PRISMA 
protocol were followed to reduce the impact of these limitations. 

There is a tendency to adapt various digital technologies to improve 
CE in construction. Several studies have developed various frameworks 

and models to adapt CE or improve CE within the built environment/ 
construction context. Some frameworks and models have been tested or 
validated using case studies or interviews. The findings also indicated 
that the stakeholders could adapt various actions for CE adaption, 
strategies for stakeholder collaboration, and technologies to implement 
CE in their current practices. These include the introduction of policies, 
the introduction of new business models, and circular design concepts, 
amongst others. Stakeholder involvement and collaboration were 
identified as critical steps towards improving CE in the built environ-
ment. The findings identified several digital technologies such as BIM, 
IoT, Big Data, and AI for stakeholder collaboration in circular processes, 
but they were still limited in extending circularity. Even though block-
chain has the potential in this context, there was little information on the 
possibility of using blockchain as a reliable technology to enhance 
stakeholder collaboration in CE. 

This paper contributes to knowledge by identifying the current 
research trends and gaps related to stakeholder collaboration for CE. In 
addition, it established the lack of current research on using blockchain 
as an enabler for stakeholder collaboration for circular built environ-
ments and the need for future research in this area. The potential of 
blockchain for stakeholder involved applications to achieve CE could 
create a novel approach in the built environment domain and possibly 
beyond it. A blockchain-based application can provide seamless access 
to reliable data and act as a platform to facilitate interactions between 
the stakeholders within the construction supply chain. 
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