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Abstract: To facilitate the adoption of the circular economy (CE) in the architecture, engineering and
construction (AEC) sector, some authors have demonstrated the potential of recent designs that take
into account the sustainable management of an asset’s end-of-life (EOL), providing an alternative to
the dominant designs that end with demolition. However, there is no review of the literature that
encompasses a large range of sustainable designs in the current CE context. This paper provides
a critical review of journal papers that deal with the barriers to implementing sustainable designs
and approaches to the EOL management of assets that have the potential to fulfil the principles of
the CE. Eighteen approaches related to prefabrication, design for change, design for deconstruction,
reverse logistics, waste management and closed-loop systems were found. Through an analysis
of the barriers that are common among these 18 approaches, we classified them into six different
categories (organisational, economical, technical, social, political and environmental). Two Sankey
diagrams illustrate the interrelation between the barriers, their categories and the 18 approaches. The
diagrams clearly show that most of the barriers are common to multiple approaches and that most
of the barriers relate to organisational concerns. The study gives a detailed map of the barriers that
would help stakeholders from the AEC sector develop strategies to overcome the current obstacles in
the shift to a CE.

Keywords: sustainable asset lifecycle; circular economy; design for deconstruction; barriers; sustainable
approach; critical literature review

1. Introduction

Since the 1973 oil embargo, the architecture, engineering and construction (AEC)
sector has had to reduce the energy it uses through various active and passive measures,
including increasing the insulation of buildings [1,2]. To reduce heat loss from the enve-
lope, builders add insulation to the full perimeter of buildings at the cost of consuming
more primary resources to produce insulation materials. Similar processes occur with
double/triple glazing or building-integrated photovoltaics, resulting in more pressure
on building component production and its corollary consumption of natural resources.
Inevitably, stakeholders in this sector have to tackle various related challenges, including
the scarcity of raw material resources and the production of megatonnes of waste [3].

Waste is generated throughout the lifecycle of an asset. However, the end-of-life (EOL)
phase of assets is the least sustainable phase, given the amount of waste generated by
the demolition process. Demolition is responsible for 50% of all waste produced by the
AEC sector worldwide [4]. In the UK, 30% of the total waste sent to landfills comes from
the demolition of buildings, costing GBP 200 million annually [5]. That is why the EOL
management of assets and the construction and demolition waste (CDW) that is often
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produced at this stage are of increasing interest to academic researchers [6], who seek to
shift the sector into a new paradigm with the advent of the circular economy (CE) [7].
Recently, the Ellen MacArthur Foundation [8] has contributed to the shift from the linear
system to the CE for the manufacturing industry [9,10]. As an example, at the European
Union level, the CE implementation action plan was initiated in 2015 [11]. After five years
of implementation in the industry, some authors have noticed some shortcomings. First,
recycling has been developed most substantially [11], despite the fact that it is the worst
option on the scale of the “10Rs”, just before the “R” of “Recover” [12]. Secondly, EU
policies focus on “end of pipe” solutions without addressing “the many socio-ecological
implications of a circularity transition” [13].

In the specific case of the AEC sector, the linear approach is the dominant method
in the “design for construction”, with the EOL managed by demolition [14]. There is no
consensus on a definition of the circularity of a building. The reason might be due to a
lack of familiarity with what the notion of the CE means for the AEC sector compared
with the manufacturing industry. Moreover, the nature of a building is very different
from a given manufactured product, in terms of its use and fabrication process. Indeed,
in the construction industry, each owner (private, public or company) wishes to have
a bespoke building and not a standard one. Moreover, the management of a building
from its construction phase to its demolition involves a wide range of stakeholders with
different skills and stakes, as illustrated by some authors [15]. Lastly, the timescale of the
different phases of a building’s lifecycle varies drastically and is considerably long during
its operation (typically lasting a minimum of 30 years).

Although the implementation of the CE in the AEC sector is relatively new [16],
some authors have already studied alternative approaches that have the potential to
fulfil the CE requirements. For example, Ghisellini et al. [17] have linked sustainable
buildings and cleaner production to the CE. Some authors have associated the design
for deconstruction (DfD) approach to the CE [18], whereas this concept of design for
X is already developed in other sectors of the industry [19]. Another example is the
extensive focus on resource use and CDW management (e.g., [20]) at the expense of
the investigation into alternative approaches, such as supply chain integration, building
designs, offsite manufacturing, among others [21]. Moreover, as the AEC sector is currently
experiencing the digital revolution (mainly through building information modelling, or
BIM), some authors have developed specific BIM uses for overcoming the barriers to
the adoption of a CE [22]. However, this research area is still in its infancy, and as such,
it faces a lack of common understanding which leads to the inconsistent application
of terminologies, especially among architects and contractors [23]. More recently, in
response to the lack of consensus and to clarify the processes along the asset lifecycle,
some authors have developed a classification of the current alternative design approaches
that have the potential to fulfil the CE requirements [24]. This classification clarifies
and illustrates the current diversity of existing alternative approaches with five central
categories (prefabrication, design for change, design for deconstruction, reverse logistics,
and closed-loop systems). Although this current research has fueled the quest for clarity,
there are still no studies that provide an overview of the barriers facing sustainable design
approaches. Indeed, studies found in the literature typically explore barriers associated
with a particular sustainable approach, such as the implementation of reverse logistics [25],
construction waste reduction, reuse and recycling [26], among others. More recently, the
impediments associated with the CE approach are at the centre of the concerns of some
authors [27]. However, none of these studies have targeted the overall view of the barriers
associated with sustainable approaches, as defined by [24].

This article aims to analyse the barriers found in the literature that are preventing the
AEC sector from shifting to a CE. To fulfil this aim, the following objectives are defined:

1. To extract from journal papers the barriers to the implementation of approaches re-
lated to prefabrication, design for change, design for deconstruction, reverse logistics,
waste management and closed-loop systems.
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2. To classify the barriers into categories and extract the interrelation between the barri-
ers, their categories and the selected approaches.

2. Method

Figure 1 presents the three stages of the overall method to establish an understanding
of the barriers identified in the literature that are hindering the development of the CE in the
AEC sector. At Stage 1, we selected the journal articles for the review. First, the approaches
that have the potential to help implement the CE in the AEC sector are selected (Points 1
and 2, developed in Section 2.1). Second, the journal articles dealing with the barriers to
those approaches are searched for (Section 2.2). Stage 2 is dedicated to the analysis. First,
how the barriers could be classified into categories was investigated (Section 2.3). Second,
the results are eventually illustrated in Stage 3 by the two Sankey diagrams.
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2.1. The Studied Approaches

Eighteen approaches, listed in Table 1, were extracted from previous work conducted
on the identification, definition, and classification of asset lifecycle strategies for the CE [24].
In this previous work, the authors provided a synthesis of the literature to clarify the ap-
proaches that are related to the asset lifecycle in the context of the CE. The definitions of sets
of approaches were analysed to clarify whether they were compliant with a CE or recycling
and reuse economy CE [24]. Most of those approaches are alternative design approaches
that have the potential to fulfil the CE requirements. However, some approaches deal with
CDW management, given that it is a crucial stage in the CE that must be brought down to
zero waste. The barriers linked to life cycle assessment (LCA) in the AEC sector were also
investigated, because it is a method that is key in the context of the CE where circularity
indicators are yet to be properly developed in the AEC sector. Most of the approaches are
dual, with the approach linked to the design for the approach (e.g., for reverse logistics (RL)
and design for reverse logistics (DfRL)—see Table 1). In the following, to simplify the
reading, the comments will specify only the approach and not its associated “design for”
approach (e.g., simply RL, not RL-DfRL).

2.2. The Search Method for Papers Dealing with Barriers to the 18 Approaches

This research has targeted only qualitative data in peer-reviewed journals to ensure the
quality of the secondary data [28]. Knowing the 18 approaches has guided the extraction of
appropriate keywords. For example, in the case of DfD, the keywords would be “barriers”
and “deconstruction” (or “dismantling”, or “disassembly”, or “demountable”, among
others). The papers were searched for in two databases (Scopus and Google Scholar) and
purposive sampling was used as defined by Grant and Booth [29] to select the outputs.
Articles of review on a specific approach were privileged to ensure that we obtain the
whole picture of the approach and its barriers, Table 2.
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Table 1. Acronyms of the 18 studied approaches.

Acronyms Approaches

3Rs-Df3Rs Reduce, Reuse, Recycle/Design for Reduce, Reuse, Recycle
AR-DfAR Adaptive Reuse/Design for Adaptive Reuse
CDW Mana Construction and Demolition Waste Management
CDW Mini Construction and Demolition Waste Minimisation
CE-DfCE Circular Economy/Design for Circular Economy
CL-DfCL Closed loops/Design for Closed loops
Cy Constructability
De-DfD Deconstruction/Design for Deconstruction
Disa-DfDisa Disassembly/Design for Disassembly
Dis-DfDis Dismantle/Design for Dismantle

IFD-DfIFD Industrialised, Flexible and Demountable/Design for Industrialised,
Flexible and Demountable buildings

LCA Lifecycle Assessment
MA Manufacture and Assembly/Design for Manufacture and Assembly
PFA-DfPFA Prefabrication/Design for Prefabrication
RL-DfRL Reverse Logistics/Design for Reverse Logistics
SB-DfSB Sustainable Building/Design for Sustainable Building
SD Selective Demolition
TB-DfTB Transformable Building/Design for Transformable Building

2.3. The Classification of the Barriers

Given the number of barriers in the literature, we sought to classify them into cat-
egories and subcategories to facilitate the analysis and the discussion. According to the
literature, outlined in Table 3, three main types of categories were used, namely those
linked to:

1. A discipline (economy, environment, culture, among others).
2. A specific stakeholder (owners, designers, among others).
3. A construction phase (design, in use, etc.).

One of the weaknesses of the construction industry is its siloed working methods
where the phases and stakeholders are divided, with poor communications in between.
In the particular context of the CE, it is crucial to implement a more holistic approach,
involving all of the stakeholders and therefore all of the asset phases as described by [15].
The choice of the disciplines as macro-categories is motivated by the need to cover the whole
of the asset lifecycle and all of the stakeholders involved in the asset lifecycle in line with the
holistic approach required to implement a CE [15]. Moreover, a classification by discipline
gives us the ability to highlight that the technical barriers are only a part of the picture,
despite the fact that there is a huge scientific literature focused only on technical barriers.
The label of the categories is derived from the literature (see Table 3) especially Huuhka
and Hakanen (2015), who used four categories for their barriers: (i) economic, (ii) social,
(iii) ecological and (iv) technological. Following this, two categories (organisational and
political) were added by Rakhshan et al. (2020). For this study, six main categories
are therefore used (economic, sociological, political, organizational, technological and
environmental). Within these categories, some subcategories related to specific stakeholders
or phases are added when necessary.
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Table 2. List of the articles analysed and used to build the Sankey diagrams.

Authors Article Title Type of Data (LR = Literature Review)

Ajayi et al. (2015) [30] Waste effectiveness of the construction industry: Understanding the impediments and requisites for
improvements LR

Akanbi et al. (2018) [31] Salvaging building materials in a circular economy: A BIM-based whole-life performance estimator Interviews + questionnaire

Akinade et al. (2020) [32] Design for deconstruction using a circular economy approach: Barriers and strategies for improvement Questionnaire + literature review

Bouzon et al. (2015) [33] Reverse logistics drivers: empirical evidence from a case study in an emerging economy LR

Brancart et al. (2017) [34] Transformable structures: Materialising design for change LR

Carvalho Machado et al. (2018) [35] Analysis of Guidelines and Identification of Characteristics Influencing the Deconstruction Potential of
Buildings Case study

Chileshe et al. (2015) [25] Barriers to implementing reverse logistics in South Australian construction organisations LR

Chileshe et al. (2016) [36] Drivers for adopting reverse logistics in the construction industry: A qualitative study Case study

Couto and Couto (2010) [37] Analysis of Barriers and the Potential for Exploration of Deconstruction Techniques in Portuguese
Construction Sites LR + case studies

Crowther, P. (2002) [38] Design for buildability and the deconstruction consequences LR

Crowther, P. (2005) [39] Design for Disassembly—Themes and principles Case studies

Cruz Rios et al. (2015) [40] Design for Disassembly and Deconstruction—Challenges and Opportunities Case study/modelling

Diyamandoglu and Fortuna (2015) [41] Deconstruction of wood-framed houses: Material recovery and environmental impact Questionnaire + case study

Ferreira Correia et al. (2021) [42] Plan to Overcome Barriers to Reverse Logistics in CDW: Survey of the Construction Industry LR+Questionnaire

Forsythe, P. (2011) [43] Drivers of Housing Demolition Decision Making and the Impact on Timber Waste Management LR + focus groups

Gorgolewski, M. (2008) [44] Designing with reused building components: Some challenges Case studies

Leigh and Patterson (2006) [45] Deconstructing to Redevelop LR + case study + model

Hakkinen and Belloni (2011) [46] Barriers and drivers for sustainable building Semi-structured interviews

Hosseini et al. (2014) [47] Reverse Logistics for the Construction Industry: Lessons from the Manufacturing Context LR+ focus group + model

Hosseini et al. (2015) [48] Reverse logistics in the construction industry Questionnaire + case study

Huuhka and Hakanen (2015) [49] Potential and barriers for reusing load-bearing building components in Finland Case study

Inglis, M. (2007) [50] Construction and Demolition waste—Best practice and cost-saving Case study

Jaillon and Poon (2010) [51] Design issues of using prefabrication in Hong Kong building construction LR
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Table 2. Cont.

Authors Article Title Type of Data (LR = Literature Review)

Jaillon and Poon (2014) [52] Lifecycle design and prefabrication in buildings: A review and case studies in Hong Kong LR

Kibert, C. J. (2003) [53] Deconstruction: The start of a sustainable materials strategy for the built environment Case study

Kifokeris and Xenidis (2017) [54] Constructability: Outline of Past, Present, and Future Research LR + case studies

Kim et al. (2017) [55] An estimation framework for building information modelling (BIM)-based demolition waste by type LR + case studies

Knecht B. (2004) [56] Designing for Disassembly and Deconstruction LR

Kohler, N., and Yang, W. (2007) [57] Long-term management of building stocks. Case study

Nisbet et al. (2012) [58] Demolition and Deconstruction: Review of the Current Status of Reuse and Recycling of Building Materials. LR

Pulaski et al. (2004) [59] Design for Deconstruction LR + model

Río Merino and Gracia (2010) [60] Sustainable construction: Construction and demolition waste reconsidered LR

Sanchez and Haas (2018) [61] Capital project planning for a circular economy LR

Sassi, P. (2008) [62] Defining closed-loop material cycle construction LR

Tingley and Davison (2012) [63] Developing an LCA methodology to account for the environmental benefits of design for deconstruction LR+model

Xanthopoulos et al. (2009) [64] Reverse logistics processes of multi-type end-of-life buildings/construction sites: An integrated
optimization framework LR

Yuan et al. (2018) [65] Design for Manufacture and Assembly-oriented parametric design of prefabricated buildings Case study

Zaman et al. (2018) [66] Resource Harvesting through a Systematic Deconstruction of the Residential House: A Case Study of the
‘Whole House Reuse’ Project in Christchurch, New Zealand Survey
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Table 3. The different types of barrier categories found in the literature.

Authors Categories

(Hosseini et al., 2014) [47]
(Chileshe et al., 2016) [36]

1. External.
2. Internal (to the manufacture and building industry).

(Chileshe et al., 2015) [25]

The authors split the external barriers into two subcategories:
1. “Environmental barriers”, referring to barriers imposed by the prevailing

business environment in the industry.
2. Barriers due to the nature of construction products (e.g., buildings) and

their activities.

(Abdulrahman et al., 2014) [67]
Authors grouped the RL implementation barriers relevant to the Chinese
context into four categories: (i) management, (ii) financial, (iii) policy and
(iv) infrastructure.

(Bouzon, Govindan, and Rodriguez, 2018) [68]
Authors have classified the barriers to their multi-perspective framework for
RL into three categories: (i) governmental perspective, (ii) organisational
perspective and (iii) consumers’ perspective.

(Häkkinen and Belloni, 2011) [46]

(i) Steering mechanisms: informative regulatory instruments (mandatory
labelling)—economic and market-based instruments (certificate schemes),
fiscal instruments and incentives (taxation and support)—voluntary action
(public leadership programmes); (ii) Economics; (iii) Client understanding;
(iv) Process: procurement and tendering, timing, cooperation and networking);
(v) Underpinning knowledge: knowledge and common language, availability
of methods and tools, innovation (including for normative regulatory
instruments, e.g., building codes).

(Huuhka and Hakanen, 2015) [49]
Barriers to reusing load-bearing building components in Finland in four
categories: (i) economic, (ii) social, (iii) ecological and
(iv) technological barriers.

(Rakhshan et al., 2020) [3]
Barriers to reusing load-bearing building components in six categories:
(i) economics, (ii) environmental, (iii) organisational, (iv) social,
(v) technological and (vi) regulatory barriers.

(Kifokeris and Xenidis, 2017) [54]
Barriers to constructability implementation in five categories: (i) general
barriers, (ii) owner barriers, (iii) designer barriers, (iv) contractor barriers and
(v) project-specific barriers.

(Park and Tucker, 2016) [69] Barriers raised by stakeholders (end users, developers, etc.).

3. Results and Discussion

Sankey diagrams (Figures 2 and 3) are used as a visualisation tool to analyze the
interplay between the barriers (structured in different categories and subcategories) and
the 18 approaches. Figure 2 presents the sociological, economic and environmental barriers,
given that those three categories are the basis of sustainable development.

3.1. Environmental Barriers

The environmental barriers are less prominent than the socio-economic ones (Figure 2).
They are mainly limited to the EOL phase of the asset (CDW management and selective
demolition). In the cases of deconstruction (De), RL and adaptive reuse (AR), the issue
of space for storage is cited by [25]. The site access limitation is also cited by [51]. Some
authors have also noticed the existence of lead and asbestos in old buildings when dealing
with RL, the 3Rs and CDW management [56,58,60]. Those authors are not linking the high
pollutant materials to environmental issues, but to the additional costs of processing such
materials. However, the process leads to environmental issues because waste ends up in
landfills. The fact that some authors and stakeholders do not directly link pollution to
environmental issues but to cost may be related to the lack of awareness of the impact that
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these processes have on the environment. This is made more apparent with prominence of
the economic barriers (cost and market) (Figure 2).
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Many studies have identified the lack of strong evidence of the environmental and
sustainability benefits of using well-designed approaches, such as De, SB (sustainable
buildings), the 3Rs (reduce, reuse, recycle), AR and CDW minimisation [46]. Other authors
raised the exposure to health and safety risks from encountering contaminated materials
as an essential barrier [25,39]. However, this topic is also linked to a social issue because
health and safety are determined by the appraisal of the risks by society.

Direct, specific impacts have been identified by Sassi [62] in the recycling process,
where the loss of material mass required additional virgin feedstock to be added. Other
authors have identified the emissions from transport and reconditioning for the 3Rs and
PFA (prefabrication) approaches [40,51].

3.2. Economic Barriers

The obstacles arising from factors related to the economic context (Figure 2) demon-
strate that the markets built around sustainable buildings are, in many cases, insufficient.
For example, the marketing plan of the industrial, flexible and demountable approach (IFD)
is found to be inappropriate [52]. For SB, the lack of client demand is a barrier [46]. These
shortcomings include the lack of demand for second-hand, reused and recycled materials
and products [47]. The other factor is due to the constrictive search for profitability, which
does not permit any risks to arise from innovation or changes to the current processes [54].
Deconstruction faces economic barriers because it is more expensive than demolition, de-
manding more time and labour to recover comparably low-cost construction materials [44].
Several authors have argued that the low cost of construction materials compared to re-
covered/recycled materials is the problem in the cases of De and the 3Rs [43]. Moreover,
the standard construction and demolition practices are focused on the fastest and most
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economical way to finish the job in the case of the 3Rs [44]. Lastly, obstacles are caused
by the shortcomings of the recycling processes of conventional materials. For example, a
building’s aluminium scraps are challenging to recover economically [58], and the recycled
aggregates have a considerably lower price than that of the natural materials, due to their
poorer quality. The relatively low cost of disposing CDW materials in landfills is also cited
as a barrier by many authors, in the cases of De, RL, the 3Rs and PFA [58]. Some authors
have also noticed the labour-intensive nature of the deconstruction and reuse processes [33].
Moreover, additional time is necessary in the cases of SD, De, and the 3Rs compared to
conventional processes. This extra time results in extra costs [33].

The main economic subcategory relates to the costs attributed to the approach (“new
approach adoption cost” in Figure 2). The design phase embodies additional costs due to
more work needing to be performed in the case of RL, the 3Rs and PFA [52]. Although no
additional costs attributed to the construction phase were found, some costs related to the
necessary adaptations to a new approach (or to adopt new approaches) were noted. Several
authors have identified such additional costs for adopting the following approaches: De,
RL, TB (transformable buildings), Dis (dismantle), the 3Rs, CDWmini (CDW minimisation)
and PFA [25]. The additional cost is also due to the management of hazardous components.
For example, the existence of lead and asbestos in old buildings makes the process of
deconstruction costly and time consuming because the cost of separating the materials
to be recycled from contaminating materials is high [58,60]. Another cost of adopting a
new approach is the additional initial cost (i.e., the higher cost of the initial investment
in the project) cited by many authors, concerning the following approaches: De, RL and
PFA [25,30,36,37,51,52,66]. Lastly, the additional costs due to higher insurance fees are a
barrier reported by some authors for the 3Rs approach [70].

Some authors have spotted barriers linked to the quantification and sales involved in
the approaches. In the case of De, Jaillon and Poon [52] have noticed that the economic
benefits are not well established. Similarly, Xanthopoulos et al. [64] highlighted the lack of
establishment for the economic and environmental benefits of CDW management. In the
case of SB, Häkkinen and Belloni [46] have noticed the lack of understanding of business
cases. Finally, in the case of AR, Chileshe et al. [25] have noted the significant differences in
the distribution of the construction budget.

Another type of obstacle valid for the 3Rs approach is the necessity of planning and
paying upfront early in the asset’s lifecycle, which is impossible without the willingness of
the client [44]. At this stage, it is often the case that the contractor has not been appointed
yet, so the client has to spend money upfront purchasing materials, which many clients
will not be willing to do.

3.3. Sociological Barriers

Sociological barriers deal with social issues, focusing on cultural (societal trends),
psychological (human behaviour) and personal characteristics (lack of awareness and
demand). The main subcategory is “human behaviour” and the most cited barrier is
“resistance to change” (Figure 2). Cultural beliefs are involved in the case of sustainable
buildings, which notably face the barrier of a low-risk culture [46], as does the case of
CDW minimisation [30]. The lack of global vision has also been mentioned in the cases
of RL, SB, Disa and CE [39,46]. These authors found that thinking was more linear than
circular, with a lack of lateral thinking and an ignorance of life-cycle thinking. The lack
of trust in De, RL, the 3Rs, and CDW management is described by [25,70]. Additionally,
these authors noticed a lack of acceptance of reclaimed materials. In particular, there
is an impatience to get a return on investment quickly, which creates an unfavourable
business culture in the case of RL [25]. The last social barrier is the resistance to change,
spotted by many authors who focused on the use of Cy (constructability), De, RL, SB, the
3Rs and PFA [37,44,46,51,52,54,61]. Moreover, these authors highlighted scepticism and a
preference for traditional methods within the industry, leading to a natural resistance to
change from the manufacturers, builders and owners. This resistance to change, common



Sustainability 2021, 13, 12989 10 of 18

to six approaches, is also seen within the organisations that lack the effort necessary
to innovate. Unsurprisingly, the lack of experienced, skilled workers and insufficient
knowledge is common to five approaches (Figure 2).

Some barriers are related to “consumer society behaviours”. These include, for exam-
ple, the fear of the additional costs of better waste management [46], or the belief that waste
is inevitable [30], or the disbelief in the potential utility of a constructability program [54].
Some authors have added that the consumer culture and attitudes towards the quality of
salvaged and used items are also an obstacle [25]. For the RL, 3Rs and PFA approaches,
the bad image of salvaged materials was reported to be an important barrier [51]. At a
broader level, many authors have noticed a lack of awareness for several approaches, such
as SB, the 3Rs and CDW minimisation [46,60]. Other authors have noticed the lack of
awareness of the benefits of using Cy, RL and CE [59,61]. A lack of concern was raised
by several authors for the De, RL and SB approaches [46,52,66,68]. Moreover, the lack of
understanding of deconstruction and SB was reported by Zaman et al. (2018) [66], as well
as [46]. In addition, and specifically for deconstruction, the demolition contractor’s culture
was highlighted as a critical issue [37].

3.4. Organisational Barriers

Organisational barriers refer to the hindrance to the flow of information between
stakeholders and between construction phases that negatively impact the efficiency of a
project. Organisational barriers include the extra time, resources and effort necessary for
the consideration of sustainability and circularity throughout the asset lifecycle. They are
the most documented barriers in the articles studied and are found to be attributed to 14 of
the 18 approaches (Figure 3).

3.4.1. Working Methods and the New Approach

Approximately fifty statements from different authors that deal with issues associated
with the current linear approach have been found. The barriers that they detail are raised
by the fragmentation of the sector and its inappropriate organisation (Figure 3). The factors
cited are the lack of a holistic approach, safety in the deconstruction process, innovation,
effective methods, and lifecycle performance focus (Figure 3). When dealing with RL, some
authors have noticed the lack of support from the management, as well as immaturity
and low investment in knowledge management, information systems, and continuous
planning owing to changes in the materials’ source location [25]. In addition, some authors
reported a lack of specific budgetary allocation for CDW management [60]. Most of
the abovementioned barriers are related to the adoption of new approaches and new
methods involving more collaboration, communication and holistic and effective strategies.
For example, as stressed by some authors, the implementation of RL is a challenge for
designers [25]. As a result, multidisciplinary teamwork becomes central and requires
appropriate management.

3.4.2. Multidisciplinary Teamwork and Management

Many authors have highlighted the need for new methods to improve teamwork
when addressing the whole lifecycle of a building [44,46,50,52,54,58,62,66]. Those concerns
are related to Cy, De, CL (closed loop), RL, SB, the 3Rs and CDW minimisation. For exam-
ple, some authors identified the need to change the established design and construction
processes to promote the reuse of building components [44]. One paper has mentioned the
need for systematic cooperation, while a multidisciplinary approach has been discussed in
the case of IFD [52,71,72]. This is supported by authors who studied the decision-making
framework used in the steel industry, and for the system thinking used in the construction
industry [52,71,72].
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Some authors have found that there is a lack of communication between the members
of the project teams for RL, SB, Disa and PFA [46,51,56]. Specifically, issues related to
late communications between the designer and contractor have been identified for RL, SB
and PFA, where early collaboration between architects, contractors and manufacturers is
required [51].

3.4.3. Key Players

Other barriers are related to the large number of stakeholders, and these have been
outlined for many approaches, such as Cy, De, CL, RL, SB, CE and the 3Rs by [46,52,54,61].
The barriers are mainly specific to architects (although they also impact other stakeholders,
such as contractors), where the reuse of materials in buildings requires acceptance and
change in the design and construction processes [44]. Additionally, other authors have
listed a number of the barriers raised by the contractors when implementing Cy. Most
of them are linked to communication issues and a lack of skills/knowledge [54]. The
manufacturers’ lack of involvement and responsibility to minimise waste is stressed by [40].
The supply chain is also a central concern for many authors, including a lack of suppliers
for PFA [51] and supply chain complexity in the case of SB [46]. Kifokeris and Xenidis [54]
have also listed several barriers specific to the owners in the case of Cy, among others.
Regarding the 3Rs approach, the unwillingness of the client to spend money upfront when
purchasing materials, at a stage where the contractor is often not appointed yet, is a real
issue for several authors [44,54].

3.4.4. Training, Skills and Education Support for a Skilled Workforce

The lack of skills, from an organisational point of view, is different from the skills
related to social background already cited in Section 3.2. Logically, obstacles related to
competence improvement were also cited with the lack of lessons learned on:

1. The comprehension of SB [46].
2. The application of DfDisa (design for disassembly), which is restrained by uncertain-

ties regarding its global benefits and financial viability [34].
3. How RL remains unexploited or limited in the construction industry [36].

In complement, some authors have spotted the lack of documentation to support
competence improvement, referencing:

1. The lack of lessons learned regarding documentation for Cy [54].
2. The lack of empirical evidence to support the widespread use of RL [36].
3. The need for the identification of demonstration projects to illustrate the potential of

the different methods [37,61].
4. The lack of IFD studies for high-rise buildings [52].
5. The lack of studies providing clear instructions on how BIM could be used for CDW

management [52].
6. The lack of studies that quantitatively demonstrate the effectiveness of the pre-project

definition for buildings in the CE context [61].

From this subsection, the managerial implications involved in the shift to CE can be
extracted. They consist in mainly revising the whole lifecycle management of an asset
to ensure consistency in management from the early design stage to the EOL phase of
the asset. These implications affect the role of all the stakeholders, encouraging them
to improve the sharing of the information, even after the EOL phase of the asset, with
training/education to help them change their way of working.

3.5. Technical Barriers

The technical barriers are split into different scales corresponding to subcategories,
from the building scale to the material scale and from data management to the technologies
used (Figure 3).
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3.5.1. Building-Related Barriers

The long lifecycle of buildings exceeds the lifespan of industrial products and also
results in multiple changes of ownership [25,52]. Additionally, the unicity of each building
generates a complexity that is difficult to overcome in the modern context [35–37,44].
Firstly, in the design phase, some authors emphasise the barriers related to the designs
of buildings that were not made with the SEOL in mind [35]. This includes all of the
components, even the foundations, which are most of the time made with concrete [64].
The necessity of adapting the construction methods is emphasised when using reclaimed
materials because it adds a whole new level of complexity to the project [44]. One example
is given with the use of the in situ connection between precast concrete elements [52]. In
the in-use phase, building components are updated or replaced at different intervals during
the building’s lifetime, adding complexity when updating the data related to the building
(e.g., finishes at five-year intervals, lighting at ten-year intervals, HVAC systems at twenty-year
intervals, etc.) [66].

Deconstruction processes encounter limitations due to the space available to manage
the process and, significantly, to store the materials (see also the section on environmental
and economic barriers on this point). The lack of recovery facilities and infrastructure
is cited by [25,64]. Deconstruction is more complex than demolition, especially in the
case of non-prefabricated components [35], sometimes leading to the impossibility of
reusing components [56]. Moreover, demountable connections do not always ensure the
possibility of deconstruction, and, in general, the poor connection of these elements is
an issue [35,38,52]. Lastly, few demonstration projects have been identified that can help
illustrate the potential of the different methods [25,44,49]. As a result, all these issues are
increasing the risks associated with the deconstruction process [25,39,44].

3.5.2. Material-Related Barriers (Including Data)

Some barriers are related to the low quality of materials, the poor reliability of the
characteristics of recovered materials [25,41,49,53,58,60,66] and the lack of data available
for several asset phases. Indeed, in the design phase, the lack of data prevents carrying out
an efficient LCA for the EOL phase [32]. In the deconstruction phase, projects and processes
are also impacted by a lack of data [35]. At a different level, the behaviour and durability
of recycled concrete is difficult to predict accurately without enough data [58]. Importantly,
the composition of buildings at the end of their life is essential [47] and the lack of national
data on CDW must be overcome [41]. In addition to the lack of data (availability and
accessibility), weak data management has also been pointed to by several authors as a
concern, especially in the case of national data collection and reporting on CDW [66]. In
addition to the general lack of data, there are barriers regarding the limited locations of
collection points for recovered materials [35,39,51,52] that generate limitations to material
availability [44]. The main source of these issues is the recoverability of construction
materials, which is limited by several factors:

1. The use of finishes on building materials reduces the possibility of reusing such
materials [31].

2. The use of concrete [37,52].
3. The deconstruction process damages the materials because it is difficult to separate

the composites [43,52,56,58,70].
4. Contamination with hazardous materials [25,39,43,56].
5. The deterioration rates are unknown [3,25,35,37].
6. The under-estimation of the resources embedded in the building [61].

3.5.3. Technology-Related Barriers

Regarding technological barriers, most of them are related to the lack of appropriate
tools and procedures. Although one barrier concerning the lack of prefabricated building
designs with BIM tools was reported by [65], most of the other issues are not related to
BIM, but to the lack of several other elements. For example, some authors pointed to the
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lack of a common framework and automatic calculation procedures for SB [46], whereas
other authors stressed the absence of simple processes to reuse a building project [61]. A
lack of science-based, user-friendly tools for De, SB and CE was also reported in many
studies [37,46,61], as well as the unavailability of proven alternative technologies [46].
Some authors reported the lack of tools for designers that would otherwise enable efficient
deconstruction [25,37,52,58], help with assessing DW generation [30,55,66], promote the
inclusion of new techniques for construction [44,46,61], and help with assessing the costs
associated with IFD buildings [48]. Lastly, techniques for reusing reclaimed materials
are also missing [25,37,43,48]. Meanwhile, down-cycling cannot be regarded as a closed-
loop (CL) approach because of the excessive loss of material value [62].

3.6. Political Barriers

Figure 3 outlines the barriers found in the political category. The main subcategory is
the lack of appropriate standards (policies and regulation) and is cited in the cases of Cy,
De, CL, RL, SB, the 3Rs, CDW management and PFA [58]. This includes shortcomings in
standardised processes, insufficient sharing of the best practices, little clear information
and little guidance for designers about the design and procurement procedures that they
should adopt when reusing components. The lack of guidance for sustainability in public
facilities for facility managers is reported by [46].

The lack of recertification, legal warranties and residual performance analysis of recov-
ered building materials has been noted by Couto and Couto (2010) in the particular cases of
De, SB, and the 3Rs, especially when compared to conventional processes. Furthermore, the
lack of fiscal incentives or support from governments is cited by [25,46,66] for De, RL and
SB. Lastly, the lack of appropriate assessment procedures for architectural competitions,
the assessment process being performed late during the design phase and the lack of
labelling/measurement standards are shortcomings spotted by [46] for SB.

Some authors argued that the current regulation is too strict to allow innovation,
which is a barrier for Cy, De, RL, SB, CDW minimisation and CDW management. Lastly,
one paper noted that that building inspectors discourage the use of salvaged materials in
the case of RL [47], and another author argued that regional governments are slow to apply
CDW management plans which have already been approved [60].

4. Conclusions and Perspectives

The debate regarding the implementation of the circular economy (CE) in the archi-
tecture, engineering and construction (AEC) sector is relatively new. However, there are
already several publications that link the CE with specific alternative approaches that take
into account the lifecycle management of assets from design to end-of-life. These alter-
native approaches (prefabrication, design for change, design for deconstruction, reverse
logistics, waste management and closed-loop systems) directly take into account the asset’s
end-of-life in the design stage, or only consider the manufacture and assembly phase (but
may still ease the deconstruction process). Eighteen such approaches have been found that
are far from dominant. However, helping them overcome the obstacles that they face may
help to remove the future barriers of applying the CE concept to the built environment.

This article has assessed the barriers to those 18 approaches identified in the literature.
The barriers were classified into six categories (economic, sociological, political, organi-
sational, technological, and environmental). The interrelation between the barriers from
different categories is very common due to the holistic nature of the construction lifecycle,
and this has been illustrated here by two Sankey diagrams. The barriers are also related to
the diversity of stakeholders and the phases of the building process.

The organisational barriers are the most cited in this review, and deal with the diffi-
culty with changing the working methods and managing the required teamwork and the
multidisciplinary approach. The last series of organisational barriers are linked to the lack
of training and support for the skilled workforce and the provision of education. Increased
access to data should help to revise the current management of the asset lifecycle.
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The socioeconomic barriers are linked to the lack of awareness and demand for
alternative approaches. The other socioeconomic barriers are related to people’s behaviour
(e.g., resistance to change and cultural beliefs), and lastly to the higher cost of alternative
approaches (and the seeking of profit first). The political barriers are mainly related to the
lack of appropriate standards and policies.

Some of the technical barriers are related to the construction materials (composition
knowledge and recoverability) and others to the building scale (e.g., construction meth-
ods, project phase adoption and building lifespan). Other barriers are related to data
and information management. The last range of technical barriers is linked to a lack of
appropriate technology. The barriers linked to the environment are related to the site
constraints (limited space), and to the use of non-recoverable materials. Pollution related
to the materials (e.g., lead and asbestos) is also cited. Finally, this review gives a detailed
map of the interrelations of the barriers that would help stakeholders develop strategies to
overcome the current obstacles as they shift to a CE in the AEC sector.

The Sankey diagrams embed information regarding the structuring of the relationship
between the barriers of a wide range of approaches. This information may help with
the design of new research programmes that question the professionals working in the
AEC sector about the barriers to (or the drivers that would foster) the transition to a CE.
Moreover, the Sankey diagrams can help policymakers (and therefore standardisation
bodies) design appropriate policy (and therefore standards) to foster the shift to a CE in the
AEC sector. This information can also be useful to help develop and trigger green finance,
which is a means supported by the United Nations to contribute towards delivering several
of its sustainable development goals.

The key limitation of this study is that the secondary data analysed cover a wide
range of geographic areas, meaning that some of the results may not fit any countries.
However, the globalisation of the economy is a factor that would favour the consistency of
the study across the world. Another limitation is that the studied approaches may not be
consistent with a strict CE framework, knowing that there is no consensus on the definition
or implementation of the CE in the AEC sector, especially given the lack of ISO standards
on that topic. In this perspective, it should be evidenced also the role of digital technologies
(under the umbrella of Industry 4.0 or BIM in the specific context of the AEC sector) in
supporting the measurement of performance and data management to sustain the CE.
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