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Abstract – 
The construction industry is highly energy 

intensive and causes significant environmental 
impacts and reduction in natural resources. A radical 
change in current practices is necessary for achieving 
a circular economy in the construction sector. 
Structural holes in the supply chain, coordination of 
diverse stakeholders, and resource management at 
the end of life of buildings are some of the key 
challenges for implementation. Technologies that 
spearhead the industry transition and their 
contributions to realizing a circular built 
environment are reviewed in this study. 
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1 Introduction 
Conventional construction practices in the linear 

manner that follow “take, make, use, dispose” result in a 
considerably high consumption of natural resources and 
greenhouse gas (GHG) emissions [1]. With the built 
environment currently responsible for about 35% of the 
global energy consumption and 38% of carbon dioxide-
equivalent (CO2e) emissions [2], decarbonizing the 
sector is one of the most cost-effective ways to mitigate 
the worst effects of climate breakdown [3]. If global 
warming has to be contained to less than 1.5° C increase 
by the year 2050, the built environment needs to reduce 
the CO2e emission by around 60 Gt [4]. In this context, 
there is a compelling need to adopt a regenerative and 
sustainable business model for the construction industry. 

Circular Economy (CE) emerged as one of the 
holistic solutions for addressing resource requirements, 
climate challenges and developing a sustainable built 
environment. CE is rooted in several sustainability 
concepts such as industrial ecology, cradle-to-cradle 
(C2C), regenerative design and the blue economy system 
as illustrated in Figure 1 [5]. Numerous definitions of CE 
by researchers and industrial experts over the period 

often tend to create misunderstanding and lack of 
consensus. Therefore, Kirchherr et al. [6] analysed 114 
definitions of CE for a comprehensive conceptualization. 
They have found that the definition by the Ellen 
MacArthur Foundation (EMF) is the most used among 
the 114 definitions. According to the EMF [7], CE is “an 
industrial system that is restorative or regenerative by 
intention and design. It replaces the ‘end-of-life’ concept 
with restoration, shifts towards the use of renewable 
energy, eliminates the use of toxic chemicals, which 
impair reuse, and aims for the elimination of waste 
through the superior design of materials, products, 
systems, and, within this, business models.” Introducing 
such a system in construction sector requires 
digitalization. This study presents the enabling 
technologies for CE in built environment. The role of 
each technology, their interdependencies and drawbacks 
are also evaluated. 

Figure 1 Sustainability concepts form the roots of circular 
economy [5]. (EPR: Extended Producer Responsibility, 
C2C: cradle-to-cradle) 

mailto:aparnaharichandran@cae.au.dk
mailto:swa@cae.au.dk
mailto:lva@cae.au.dk


The remaining parts of this paper are organised as 
follows. Section 2 describes a circular built environment 
framework. The methodology of this study is given in 
Section 3. The technologies that enable the transition of 
the built environment into a circular economy are 
provided in Section 4 and Section 5 concludes the paper.

2 A Circular Economy Framework for the 
Built Environment

Developing an integrated CE framework emphasising 
environmental sustainability is challenging due to the 
uniqueness of every construction project. A recent study 
proposed a comprehensive framework for implementing
CE as illustrated in Figure 2 [8]. Building design aided 
by Building Information Modelling (BIM) enables 
accurate estimation of material quantities and the 
selection of sustainable alternatives of materials [9]. 
Sourcing materials from disassembled buildings and 
modularising and/or prefabricating new building 
components ensure material circularity [10]. Besides, the 
new design of building components should focus on 
deconstruction and disassembly at the end of life. The 
environmental impact caused by transporting raw 
building materials can be reduced by sustainable 
sourcing [11]. 

Firstly, material circularity can be incorporated 
during the service life of the building by using recycled 
materials from other cycles for refurbishing purposes [8]. 
Towards the end of the life of a building, the emphasis of 
CE shifts towards managing Construction and 
Demolition (C&D) waste. Developing an effective CE 
business model, controlling waste materials from the 
source, adopting strategic incentive plans and 
implementing technological innovations are some of the 
strategies for managing C&D waste [12]. Since the 

concepts of deconstruction are already incorporated 
during design, the building components can be retrieved 
at the end of life of the building. These components can 
be adequately repaired or retrofitted before supplying 
back to the materials selection stage for the next cycle. 
The C&D waste materials other than building 
components, such as recycled aggregates, scrap steel and 
wood, must be handled separately. These materials are 
subject to onsite sorting and screening before being 
recycled or reused for producing appropriate secondary 
materials. In the end, these sustainably sourced materials 
are either directly utilized for the next cycle of building 
construction or to produce prefabricated elements.
Therefore, industrial ecology concepts have a direct 
influence on material circularity for the CE.

The development of a new CE business model for the 
built environment requires combined efforts from various 
stakeholders such as governments, researchers, designers, 
manufacturers, construction companies, recyclers, and 
suppliers. Each of these stakeholders contributes to 
diverse aspects from policy formulation, product design, 
and technology development to sustainable sourcing and 
construction practices. 

3 Methodology
This study applied a systematic literature review to 

identify the key technologies that enable a circular built 
environment. The Scopus database is selected for 
searching the relevant literature. The scope of this study 
is limited to literature that explicitly mentions the term 
‘circular economy’ along with the keywords for each 
technology. For example, “circular economy” AND 
(building OR construction) AND “blockchain”. After the 
initial search, the relevant articles were identified and 
analysed to assess the role of technologies in developing 

Figure 2 The framework for implementing CE in the built environment [8]


