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Abstract The transition towards a circular built environment challenges disman-
tling firms to revisit their practices. These firms traditionally demolish buildings with 
crushing force, essentially creating poorly recyclable waste. This practice leads to a 
loss of economic value and has several negative social and environmental conse-
quences. Deconstruction, defined as construction in reverse, represents an alternative 
practice in which as many materials are recovered as possible. Deconstruction is 
particularly challenging because responsible firms need to process more information 
to organise various reverse logistics options efficiently. This chapter, therefore, 
reviews reverse supply chain practices in construction and illustrates how digital 
technologies could support dismantling firms and their partners during essential 
deconstruction activities. Through evidence-based insights and examples from prac-
tice, the chapter presents a state-of-the-art overview of digital deconstruction tech-
nology use cases for identifying, harvesting, and distributing reusable building 
elements. It shows that digital technologies have been developed for separate 
deconstruction activities but are rarely used in an integrated manner. Further inte-
gration through aligning the digital technologies with practitioners’ information 
needs will, accordingly, unlock new opportunities for closed-loop material flows. 

Keywords Circular Economy · Deconstruction · Digital Technologies · Information 
Needs · Reverse Logistics · Reuse 

11.1 Introduction 

The transition towards a circular built environment challenges the construction 
industry to rethink and reorganise building end-of-life practices. The fate of almost 
every obsolete building is conventional demolition, during which dismantling firms 
essentially convert it into waste (Thomsen et al. 2011). Dismantling firms typically
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use heavy equipment and crushing force to efficiently tear down buildings at the end 
of their service life. These demolition practices generate huge amounts of waste. It is 
estimated that demolition waste, together with waste generated during construction 
and renovation, accounts for approximately 30–40% of all solid waste (Cheshire 
2016; Li et al. 2020). The sheer volume of construction and demolition waste has 
high environmental impacts, particularly associated with its logistics and land 
occupation (Gálvez-Martos et al. 2018). Traditional landfilling of the waste can 
also cause space problems in densely populated areas and may lead to contamination 
of nearby water bodies (Cooper and Gutowski 2015). These problems thus call for 
novel end-of-life approaches.
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New approaches require rethinking materials hidden in the built environment as 
attractive alternatives for raw ones. Andersson and Buser (2022, p.488), for instance, 
illustrated how dismantling firms started renaming the materials generated during 
their dismantling practices as “products” or “resources” and how they viewed waste 
only as “a state in a never-ending transformation.” Buildings can, likewise, be seen 
as material banks where materials are only temporarily stored (Debacker and 
Manshoven 2016). A building can, in this view, be used to mine resources for new 
constructions (Koutamanis et al. 2018). Gorgolewski (2018, p.1), likewise, 
envisioned how “new urban vernacular may emerge if we focus on previously 
used materials and components that come from the local area.” This “urban mining” 
is an important circularity strategy for the construction industry as it can offer 
significant economic savings and reuse benefits (Arora et al. 2021). 

The circularity strategy also calls for reorganising end-of-life practices. Conven-
tional demolition typically marks the end-of-life phase of a building and its parts. Yet 
to enable reuse, dismantling firms must embrace an alternative dismantling method, 
called deconstruction, that is oriented towards retaining the value of building 
materials. Deconstruction has been described as “construction in reverse in which 
the building and its components are dismantled for the purpose of reusing them or 
enhancing recycling” (Kibert 2016, p.480). It is the first stage in reverse logistics, 
which is concerned with the movement of materials from the building dismantling 
point to the point of new construction (Hosseini et al. 2015b). Reverse logistics is 
nonetheless complicated in construction due to particular uncertainties, information 
deficiencies, and uncoordinated material flows (Tennakoon et al. 2022). Digital 
technologies seem particularly promising to that end as these enable data collection, 
integration, and analysis (Çetin et al. 2022). 

This chapter describes how digital technologies could support deconstruction and 
reverse logistics. It first discusses challenges and information needs in reverse 
construction supply chains. The next section then presents an overview of how 
digital technologies can be used to support three essential deconstruction activities, 
namely: identifying, harvesting, and distributing reusable building elements. The 
chapter ends with an in-depth discussion of remaining technology adoption chal-
lenges and an outlook on future developments.
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11.2 Reverse Supply Chains in Construction 

Reverse logistics can become an effective sustainable practice with many benefits to 
the construction industry. This potential is not yet fully exploited though. Reverse 
logistics deals with products at the end of their life cycle. A general definition – 
originally formulated for manufacturers, wholesalers, retailers, and service firms – is 
that reverse logistics concerns “the process of planning, implementing, and control-
ling the efficient, cost effective flow of raw materials, in-process inventory, finished 
goods, and related information from the point of consumption to the point of origin 
for the purpose of recapturing value or proper disposal” (Rogers and Tibben-Lembke 
1999, p. 2). These reverse flows differ in maturity per industry, but are generally 
quite well-developed in the manufacturing industries while often overlooked in 
construction (Hosseini et al. 2014). Instead, researchers and practitioners have 
devoted much of their attention to the classical, forward supply chain approach 
that “does not feel any responsibility for end-of-life” products (Govindan and 
Soleimani 2017, p.371). Connecting both forward and reverse supply chains into 
closed-loop material flows has, consequently, become at the forefront of much 
strategy- and policymaking (Ghaffar et al. 2020). 

Closed-loop construction industries direct materials from deconstruction sites 
towards new construction sites, either directly or indirectly. A building owner or 
principal contractor usually selects a firm specialised in dismantling once a decision 
is made to deconstruct or renovate. That firm then initiates a range of collection, 
separation, sorting, treatment, reuse, and recycling activities aimed at removing a 
building or parts of it (Brandão et al. 2021). The end-of-life strategy can differ per 
individual building element, such as doors, floors, or installations. Reuse entails that 
an element is transferred to another location where a principal contractor assembles it 
again in a new construction without structurally changing it (Allwood et al. 2011). 
This may be achieved directly, without an intermediate party, but often reuse is 
indirect. It is then temporarily stored at a storage facility that serves as a buffer 
between reverse and forward material flows. Sometimes small repairs are also 
conducted at such storage facilities. Recycling entails the structural reduction of an 
element to its constituent materials. This is typically done by specialised waste 
processors, although some materials can also be recycled on site (like crushing of 
concrete). Suppliers can, subsequently, replace virgin materials with these recycled 
materials to produce new building elements. Reverse logistics practices thus repre-
sent different ways in which materials are brought back into the loop. 

Possible benefits of reverse logistics practices include economic, social, and 
environmental aspects. Economic benefits could be achieved by cost savings offered 
by reusing salvaged elements instead of virgin materials (Hosseini et al. 2015b). 
While revenue can be made with recovered materials, the practice also saves landfill 
disposal costs (Diyamandoglu and Fortuna 2015). Since deconstruction is generally 
more labour-intensive than demolition, this can furthermore generate many new jobs. 
Other social benefits are the mitigation of noise, dust and compaction (Iacovidou and 
Purnell 2016) and an improved “green” image and reputation of the companies



involved (Chileshe et al. 2018). Environmental benefits mainly include a reduction 
in both the use of virgin materials and in the waste generated (Del Río Merino et al. 
2010). Since this reduces associated emissions and environmental impacts, reverse 
logistics finally represents a major climate mitigation strategy (Arora et al. 2021). 
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Yet compared with forward supply chains, reverse supply chains are more 
complex and affected by a wide range of uncertainties (Tennakoon et al. 2022). 
Buildings consist of heterogeneous materials and are typically immobile and not 
designed for deconstruction (Schultmann and Sunke 2007). The quality and size of 
reclaimed building elements varies widely (Iacovidou and Purnell 2016). Specifica-
tions may also be unclear, which can prompt the need to recertify them. Decon-
struction thereby appears, on average, financially less attractive than conventional 
demolition, particularly because of the higher associated costs (Dantata et al. 2005; 
Coelho and De Brito 2011). Recovery facilities, infrastructure, and second-hand 
material markets are simultaneously underdeveloped, particularly in comparison 
with the manufacturing industries (Hosseini et al. 2014). Sourcing of reusable 
building elements therefore often requires individual searching and negotiation 
(Allwood 2014). Moreover, updates to rules and standards can limit the reuse 
potential of existing elements. A principal problem with reuse thus concerns 
matching supply with demand, as reclaimed materials may not show up at the 
right time, in the right amount, or with the right dimensions (Gorgolewski 2008). 

The lack of information is a root cause of these challenges (Hosseini et al. 2015a; 
Chileshe et al. 2019; Wu et al. 2022). Uncertainty has been defined as a lack of 
information required to make a project decision (Winch 2015). Reverse supply chain 
operations need to deal with uncertainties related to the building, workflow, and 
environment (Van den Berg et al. 2020a). A typical building-related uncertainty that 
dismantling firms often face concerns the lack of information about the current 
conditions of any elements that potentially can be reused. It may, for example, be 
unclear which manufacturer produced a certain element, under what conditions, and 
according to which quality standards. Yet also any later damage or wear and tear of 
the elements may not have been documented well. Information, or the lack thereof, 
thus plays a crucial role in determining the actual conditions of building elements. 
But information must also be processed during a wide range of other organisational 
activities, such as coordinating site work or maintaining interorganisational relation-
ships. Reverse material flows must thus be supported with sound information flows 
(Jayasinghe et al. 2019). 

These information flows nonetheless appear to be hampered due to the complex, 
fragmented, cross-functional, and multi-disciplinary nature of reverse supply chains 
(Wijewickrama et al. 2021a). There are many actors involved in reuse and recycling 
processes. Their activities are typically dispersed and disordered. Information could 
strengthen the coordination among these activities, but is often poorly shared 
between different actors (Chileshe et al. 2019). Systemic information-sharing gaps 
were identified at links between the forward and reverse supply chains 
(Wijewickrama et al. 2021b). This was explained because of limited collaboration 
and connections between key actors involved in building operation and end-of-life 
stages. According to Wu et al. (2022), the most important barriers for sharing



information are a lack of certainty in market environments, limited trust among 
actors, and a lack of government support. Poorly connected information flows 
consequently hinder the successful implementation of circularity in the built 
environment. 
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Digitalisation efforts across the sector are nevertheless opening new possibilities 
to support reverse supply chain practices. Innovative solutions are needed to address 
the various wicked barriers. To that end, information and communication technol-
ogies (ICT) are increasingly recognised and prioritised as critical circularity enablers 
(Demestichas and Daskalakis 2020). Yu et al. (2022), as such, mapped the readiness 
and effectiveness of ICT-based decision support tools throughout the building life 
cycle. They related end-of-life research with ICT solutions based on building 
information modelling (BIM), geographic information systems (GIS), radio-fre-
quency identification (RFID), modelling and simulation (MS), and big data analytics 
(BDA). Such solutions are still rarely implemented during deconstruction and 
reverse logistics though. The evidence base of potential digital technology usages 
has thus far remained limited. 

11.3 Digital Deconstruction Technology Use Cases 

This section illustrates circularity-oriented use cases of digital technologies that 
support deconstruction and reverse logistics. These usages are structured along 
activities that dismantling firms and their partners follow: identifying, harvesting, 
and distributing reusable building elements. 

11.3.1 Identify Reusable Building Elements 

One of the first activities in any deconstruction project is identifying reusable 
materials. Wassenberg (2011) listed several reasons for dismantling a building, 
such as physical decay, a surplus of similar buildings, changed needs or expecta-
tions, quality-of-life problems, or social engineering processes. These different 
reasons suggest that at least some of the building elements may still be reusable. 
When there is a demand for such elements, it can be attractive to recover and resell 
those (Van den Berg et al. 2020b). A dismantling firm will therefore analyse existing 
building conditions to identify any such reusable building elements. Building 
owners may also stimulate this by mandating that the selected dismantling firm 
ensures the reuse and/or recycling of a certain number of elements. 

Dismantling firms need information to make sense of existing building condi-
tions. Basic project information about the building type, floor area, and primary 
materials used provides input for quick waste estimations based on waste rates per 
unit, like kg/m2 or m3 /m2 (Mah et al. 2016). Waste audits, site visits, dismantling 
contracts, and as-built or construction drawings fulfil most of these information



needs (Tennakoon et al. 2022). However, more accurate building information is 
warranted to determine the reuse potentials of distinct elements – and that is most 
often incomplete, obsolete, or fragmented for many existing buildings (Volk et al. 
2014). Dismantling firms will want to know about the material composition and the 
aesthetic and structural performance of distinct elements. Information about the 
number, type, and accessibility of the way those elements are connected to other 
elements is needed to assess whether any such elements can be reclaimed without 
damaging them or not. Furthermore, relevant market information from waste pro-
cessors and material suppliers is needed to become aware which elements are 
demanded in secondary markets. 
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Several types of building capture and auditing technologies have emerged in 
response to as-is information needs. Such technologies aim to provide accurate 
insights into the geometric dimensions and other material properties of existing 
building elements (Han et al. 2021). BIM-based representations can, for example, 
be used to review how constructions were built (Van den Berg et al. 2020a). 
Inventory methods that combine photography with digital forms to record relevant 
characteristics of building elements and to assess their reuse potentials are also used 
more and more often by dismantling firms (see Wahlström et al. 2019) – or by 
partnering firms to which such activities may be outsourced (like Rotor or 
Sloopcheck). Honic et al. (2021, p. 1) demonstrate that material passports also 
provide “an outstanding advantage” to that end. Material passports essentially give 
elements an identity by digitally describing their characteristics, location, history, 
and ownership status (Luscuere 2017; Çetin et al. 2021). Such passports could 
inform dismantling firms about reuse potentials and enable them to extract exact 
quantities, but they are mainly being developed for new buildings rather than 
existing ones (Chap. 5 on Material Passports by Honic et al.). 

More automated digital modelling methods have also emerged, though these still 
demand significant effort and cause high costs (Rašković et al. 2020). Laser scanners 
can capture dense 3D measurements of any building’s as-is conditions, and the 
resulting point cloud can be processed to create a BIM that reflects the current 
situation (Tang et al. 2010). Using geometry as a foundation, modellers then attempt 
to augment the building representation with object metadata (semantics) related to 
any facet of the built environment. Since this can be a time-consuming and error-
prone process, much research has been devoted to automating parts of it (Fathi et al. 
2015; Che et al. 2019). As such, object recognition algorithms have been developed 
for walls (see Ochmann et al. 2016) and some other common building elements. 
Such algorithms are still infrequently combined into scalable and contextualised 
methods (Czerniawski and Leite 2020). Further advances in scan-to-BIM techniques 
that rely on low-cost, accessible hardware can nevertheless promise “a logistical 
base for complex reuse analyses” (Gordon et al. 2023, p.14). 

Digital technologies are also used to support waste management decision-
making. Having acquired insight into the as-is conditions of a to-be-deconstructed 
building, dismantling firms need to estimate how much waste will be generated. 
Lifetime analyses, which are based on a mass balance principle, assume that waste 
can be quantified based on the initial mass of constructed buildings and reasonable
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projections of material life cycles (Wu et al. 2014). Alternatively, more recent 
approaches attempt to quantify waste and its associated impacts based on BIM 
(Cheng and Ma 2013; Ge et al. 2017). For example, Kang et al. (2022) developed 
a conceptual framework that integrated BIM with advanced technologies, such as 
Internet of Things (IoT), to assist in planning alternative reuse and recycling 
scenarios; Su et al. (2021) combined BIM, GIS, and life cycle assessment (LCA) 
to develop a waste estimation and evaluation system. Works like these attempt to 
promote more informed waste management decisions and help to identify which 
building elements could be reused through closed material loops. 
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11.3.2 Harvest Reusable Building Elements 

The next deconstruction activity concerns harvesting those building elements that 
were identified as reusable. The Dutch architectural firm Superuse Studios coined the 
term “harvesting” in reference to the practice of reclaiming valuable elements from 
the existing built environment – with the aim to reuse those in new buildings (Jongert 
et al. 2011). Dismantling firms typically do not reuse building elements themselves: 
they enable reuse through this harvesting. The intention to reuse implies that damage 
to selected elements must be minimised. Harvesting (or reclaiming) those elements 
hence usually requires non-destructive techniques and more skilled labour over a 
longer duration (Coelho and De Brito 2013). This implicates that the site work must 
be reorganised accordingly. 

Information needs for harvesting building elements originate mainly from the 
workflow on site. The sequence and time allocated for deconstruction tasks are 
essential variables that dismantling firms need to control (Chileshe et al. 2019). Site 
work starts with disconnecting services and removing any present hazardous mate-
rials, like asbestos. Reusable elements can then be disassembled and (temporarily) 
stored somewhere on- or off-site. Dismantling firms process planning information 
(e.g., Gantt charts or timetables) and other project management documentation to 
coordinate these interdependent tasks (Van den Berg et al. 2020a). To ensure com-
pliance with regulatory frameworks, the firms thereby need information regarding 
government planning requirements, health and safety guidelines, and waste handling 
procedures (Tennakoon et al. 2022). Information is furthermore needed to sort and 
prepare transportation of any harvested building elements to the next destination. 

Digital technologies can support coordinating deconstruction workflows. BIM is 
particularly suited to facilitate the planning and organisation of site work. It can, at 
the outset, provide input for handling instructions and procedures to minimise 
possible damage during disassembly. Information may be retrieved regarding, for 
instance, the thickness of the cover concrete of an embedded steel connection to be 
removed (Akbarnezhad et al. 2014). BIM could also be used to analyse and visualise 
deconstruction sequencing. It is crucial to understand interdependencies and phys-
ical relationships between different elements. To that end, Marzouk and Elmaraghy 
(2021) used a BIM plugin to illustrate how mechanical, electrical, and plumbing



(MEP) elements intersect with walls (embedded, ending, or passing). Such insights 
can be used to determine in which order the elements need to be disassembled. Other 
existing BIM functionalities related to spatiotemporal site analyses could support 
managing where and when specific tasks, such as crane operations (Tak et al. 2021) 
or storage of deconstructed elements, need to be done. Evidence of dismantling firms 
using BIM for purposes like the above is nevertheless still scarce though. 
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Robotic technologies are likewise only occasionally used on deconstruction sites. 
These technologies are being developed with the intention to perform deconstruction 
more efficiently and precisely (Bademosi and Issa 2022). For example, Lee et al. 
(2015) presented a prototyping process for automated and robotised disassembly of 
high-rise buildings. As another example, Chen et al. (2022) described a compact 
robot prototype for automatic waste recycling. Robotic technologies like these are 
much more common in industrialised construction settings though. In end-of-life 
contexts, they may prove particularly suitable for repetitive deconstruction tasks. 
However, a general downside from a sustainability perspective is that they require 
the additional consumption of a significant amount of energy for operating tasks. 

Other digital technologies prepare for future use. Dismantling firms will need to 
generate or update reusability information about the selected elements, for example, 
through a material passports platform. That information can then be made available 
to other actors in the reverse supply chain (see Wijewickrama et al. 2021b). 
Information systems may furthermore be needed to label harvested building ele-
ments so that those can then be tracked to new construction sites or intermediate 
storage facilities. The technologies can, accordingly, lead to more informative 
harvesting practices. 

11.3.3 Distribute Reusable Building Elements 

Deconstruction ends with activity regarding distributing the harvested building 
elements. Dismantling firms organise the diverging movements of materials away 
from a site. They can do this on their own or together with a transportation partner. 
Destinations for the different building elements typically differ. Depending on the 
planned end-of-life strategies, elements are transported to a new construction site 
(for direct reuse), an intermediate warehouse/hub (for indirect reuse), a reprocessing 
facility (for recycling), or a landfill site (for disposal/incineration). Dismantling 
projects, accordingly, lead to a large number of transport movements and associated 
environmental impacts, which is a primary reason that construction and demolition 
waste is a priority for most environmental programmes around the world (Gálvez-
Martos et al. 2018). 

Distribution activities depend on information to facilitate matchmaking between 
the supply and demand for reusable building elements (Van den Berg et al. 2020a). 
When a dismantling firm is contracted, that firm usually obtains ownership of the 
focal building and will attempt to resale reusable elements to contractors or other 
potential buyers. This triggers information needs. Dismantling firms need



information about the current market conditions, such as prevailing prices and price 
volatility (Wijewickrama et al. 2021a). Buyers also need information about reusable 
elements, such as where and when certain elements are (or will become) available. 
Information is furthermore used to organise logistics or, in other words, to make sure 
that harvested elements arrive at the right destination at the right time (Chap. 2 by 
Tsui et al. on GIS). For organising closed-loop material flows, it is thus essential that 
material flows are accompanied with supportive information flows (Jayasinghe et al. 
2019). 
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Various e-commerce initiatives have emerged that aim to connect supply and 
demand for harvested building elements. Online marketplaces for local or global 
trade in salvaged construction materials are growing rapidly (Caldera et al. 2020). 
Most dismantling firms in the Netherlands, for example, maintain their own online 
stores on which they showcase reclaimed building elements for sale. Common 
elements that can be found on such online stores include doors, timber beams, 
windows, insulation materials, furniture, and heating systems. Elements are typically 
accompanied with a picture and some information about relevant characteristics 
(e.g., type and dimensions), including indications of any wear or damage. Some of 
that information could also be retrieved from an accurate BIM. As such, Jayasinghe 
and Waldmann (2020) demonstrated a web-based tool that links elements to their 
digital counterparts in BIM. An additional benefit from linking an online store to 
BIM would be that the deconstruction sequencing could be automatically updated 
based on the demand for elements (Marzouk and Elmaraghy 2021). 

Other e-commerce initiatives attempt to move beyond the project level to benefit 
from the advantages of scale. A particular type of online marketplace was pioneered 
by Jongert et al. (2011, p.56). They created (and later sold) a “harvest map,” which 
highlights the geographic locations of reclaimed elements by plotting those on a 
map. This map supports resource-based design practices. It aims to serve as a 
regional material catalogue that a design firm can use to locate the available supply 
of materials in the vicinity of a new building project. Another example is the 
initiative “Insert,” which was founded by several collaborating dismantling firms 
in the Netherlands. Their online platform bundles elements that were harvested by its 
partnering firms. The initiative also offers hubs where elements can be stored for 
indirect reuse and small repairs are conducted. 

Digital technologies can furthermore support distribution with tracking methods. 
Several technologies were identified for tracking elements from an obsolete building 
to a new one. Van den Berg et al. (2021) experimented with a BIM-based method 
where site personnel simply wrote down numbers on pieces of tape attached to 
reusable facade elements. More advanced methods also make use of technologies to 
identify and index information of physical elements, such as RFID. This is a 
technology that uses tags and readers to make wireless communication possible 
(Yu et al. 2022). The technology has been coupled with BIM in efforts to develop 
various digital tracking systems, such as for steel components specifically (Ness 
et al. 2015). Xing et al. (2020) integrated RFID with a cloud-based BIM platform to 
allow bidirectional data exchange between physical building elements and their
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virtual counterparts. The general idea of such systems is that they allow the exact 
status (e.g., ownership or location) of individual elements to be checked and updated 
over time. Blockchain technologies, which save and link data records using cryp-
tography, thereby appear promising as they offer transparency in tracing back status 
changes over time (Shojaei et al. 2021) (Chap. 12 by Shojaei and Naderi on 
blockchain technology). Actual implementations of tracking systems in reverse 
logistics still remain fairly limited though. 
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11.4 Discussion 

This chapter presented a state-of-the-art overview of digital technology use cases for 
supporting deconstruction and reverse logistics. To realise circularity targets in the 
built environment, it is essential to rethink demolition waste as resources and to 
reorganise traditional end-of-life practices. Digitalisation advancements provide 
dismantling firms and their partners new possibilities to that end. With evidence-
based insights and examples from practice, the present chapter illustrated how digital 
technologies can be used in identifying, harvesting, and distributing reusable build-
ing elements. The implications are profound, but several challenges and future 
perspectives remain. 

The illustrated digital deconstruction technology use cases imply that reverse 
logistics could benefit from more informed practices. Deconstruction is an exciting 
life cycle stage: it can be seen as a restart rather than an end in closed-loop material 
flows. The practice thereby reduces the demand for raw materials. Circularity 
measures can be taken during design, construction, or operation stages, but these 
are often intended to pay off only during deconstruction. Exemplary measures listed 
by Benachio et al. (2020, p. 7) include “design for disassembly of building struc-
tures” (during design), “off-site construction” (during construction), and “minimise 
recuperative maintenance with preventive maintenance” (during operation). Mea-
sures like these merely promote reuse; actual reuse prerequires that end-of-life 
activities are organised accordingly. Those practices appear to be information 
intensive. That is, dismantling firms need information to organise reverse logistics 
and to realise reuse. Digital technologies have emerged with the potential to inform 
those practices. 

Various technologies are so becoming available to dismantling firms and their 
partners. BIM technologies seem most prevalent: evidence of (pioneering) uses was 
found for identifying, harvesting, and distributing reusable elements. This may 
nevertheless be surprising given that dismantling firms are not acknowledged as 
potential BIM users in established handbooks (Eastman et al. 2011) and taxonomies 
(Kreider and Messner 2013). BIM models are also not available for most existing 
buildings (Volk et al. 2014), although that is likely to change as the methodology 
becomes increasingly widespread in the industry. Advances in scanning and auto-
mated digital modelling methods can thereby speed up the process of recreating 
accurate as-is models for existing buildings. More possibilities are also likely to
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emerge through ongoing efforts to develop low-cost scan-to-BIM solutions (Gordon 
et al. 2023) and to establish real-time connections between BIM and IoT applications 
into digital twins (see Deng et al. 2021). These BIM developments seem well aligned 
with circularity trends to replace demolition with a deconstruction alternative. 
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Other digital technologies can support specific tasks in deconstruction. Robotic 
solutions are most suitable to replace heavy and repetitive manual labour. Material 
passports seem particularly useful in understanding both present conditions and past 
history of potentially reusable building elements (Debacker and Manshoven 2016; 
Honic et al. 2021). These passports can inform dismantling firms during activity to 
identify reusable elements. They could also be linked to GIS systems and blockchain 
technologies, which would enable tracing building elements across space and over 
time (Xing et al. 2020). A particular challenge for developing any such tracing 
systems concerns the relatively long lifespan of building elements, which implies 
that robustness and future-proofness need to be taken into account. Simpler labelling 
solutions, such as those described by Van den Berg et al. (2021), can therefore be a 
pragmatic choice for distribution activities in the near future. Online stores and other 
e-commerce initiatives are essential to inform designers and general contractors 
about the (direct) supply of harvested materials, although their misalignment with 
demand remains a challenge (Çetin et al. 2022). Indirect reuse, where building 
elements are brought to and from a storage point, could improve supply predictabil-
ity and create advantages of scale. 

Several challenges persist that limit the uptake of digital technologies in circular 
end-of-life contexts though. Information is poorly shared between actors due to 
the fragmented, unorganised, cross-functional, and multi-disciplinary nature of 
reverse supply chains (Wijewickrama et al. 2021a). The industry is furthermore 
characterised by limited trust and governmental support (Wu et al. 2022). Disman-
tling firms typically face significant building uncertainty. Moreover, it is often still 
too costly or time-consuming to recreate (BIM) models that accurately represent 
as-is conditions (Czerniawski and Leite 2020). Actors may also lack the knowledge 
or skills to adopt certain technologies, like BIM. Other technologies, such as material 
passports, are only started to get standardised in the industry (see Platform CB’23 
2022) and require changes in the way certain work activities are organised. Chal-
lenges in adopting digital technologies are closely related to general barriers in 
adopting digital technology and specific barriers that emerge from organising circu-
lar material flows (Jayasinghe et al. 2019; Çetin et al. 2022). 

11.5 Outlook 

Digital technologies can support dismantling firms and their partners with decon-
struction and reverse logistics practices. Potential use cases for various technologies 
have been pioneered during information-intensive tasks in identifying, harvesting, 
and distributing reusable elements. Material passports and building capture and 
auditing technologies, most of which use an existing or recreated BIM model, can



be used to identify reusable building elements. The planning and organisation of site 
work focuses on harvesting such elements, which can be supported with BIM, 
robotic technologies, and labelling methods. Distribution activities can make use 
of various types of e-commerce initiatives, BIM, and tracking technologies. Most of 
these technologies are not yet widely adopted in circular end-of-life contexts due to 
persistent industry and reverse supply chain challenges. Implementation of any 
digital technology hence requires adaptation of the technology to local project 
routines and vice versa. More research and development efforts are necessary to 
meet both practitioners’ information needs and the potentials of illustrated digital 
technologies for promoting circular closed-loop material flows. 
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11.6 Key Takeaways

• Reverse logistics intends to close material loops, starting from the point of 
deconstruction.

• Deconstruction challenges dismantling firms to process more information for 
organising reverse logistics.

• Dismantling firms can use digital technologies in identifying, harvesting, and 
distributing reusable building elements.

• Reverse material flows remain poorly supported with information flows, as digital 
technologies tend to focus on separate activities only.

• Aligning digital technology use cases with practitioners’ information needs could 
unlock new circularity opportunities. 
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