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Circular economy and environmental sustainability in
the built environment: the crucial role of End-of-life
and decision-making tools

Circular economy, End of life, Sustainability, LCA, LCC

Abstract
The 5R practices, Refuse, Reduce, Repair, Reuse, Recycle, are fundamental within the circular economy and sustainability perspectives,
since they represent the strategies to close the loop of materials.
In the circular economy vision, the materials in output (waste and
by-products) are considered resource and the buildings are considered material banks, as a large stock of potential resources available
for reuse and recycling at the end of their lifetime. In this context the
decision-making regarding the end-of-life phase of buildings (e.g. the
choice between to reuse parts of buildings, reducing waste, or to demolish and recycling all materials) has become crucial.
Therefore, it is important the assessment of environmental and economic sustainability of the end of lifecycle, in order to promote only
sustainable strategies in relation to the context.
Firstly, the paper asserts about the current tools promoted and used
during the buildings’ end of life management for monitoring the waste
generated by demolition processes and for deﬁning the percentage of
materials reusable or recyclable.
Secondly the paper discusses on the importance of the sustainability
assessment of circular strategies. Finally the decision-making tools for
building end-of-life developed by recent European project, which include the application of Life cycle assessment and Life cycle costing
is shown and the important improvement within sustainable decision-making tools is discussed.

5R within circular economy
Circular economy principles can be applied in three diﬀerent level. At
the urban level, within the concept of “urban mining” [Baccini, 2012;
Cossu, 2015] that shows the city as a stocks of valuable anthropogenic
materials (as products, waste, water, energy) that can be reused, in
order to conserve resource and refuse and reduce waste. At building
level, within the concept of “building as material bank”. This concept
gives a great value to materials and elements which compose a building [Geldermans, 2016]. So buildings, which are a “bank” of valuable
materials, have to be designed for disassembly and durability, extending their life cycle through maintenance and repairing. Finally, at
materials level, that take into account the reuse of building products
and the recycling process of materials/waste. At this level the management of construction and demolition waste, avoiding landﬁll, is the
main topic. As it is highlighted in the previous deﬁnitions, the 5R strategies are taken into account by circular economy at all diﬀerent levels. So, it is possible to assert that the “5R” are relaunched by recent
circular economy policies [European Commission, 2014; European
Commission, 2015]. According to the Standard BS 8887-2: 2009 (2009)
“reuse” is the operation by which a product is re-used for the same
purpose at the end of its life cycle. In this cases there is no material
modiﬁcation. While, “recycling” concerns the process by which waste
is transformed into a secondary material, used as resource in new processes. Reuse and recycling strategies open up two main themes. The
ﬁrst is the concept of “end-of-life” that change in “end-of-service-life”.
The second is the concept of “waste” that change in “secondary resource”. In fact, reuse and recycling strategies emphasize the material
“multiple life cycle use” and durability. The end-of-service-life phase is
thought by the product design. Elements, components and the entire
buildings are designed for reuse/recycling in order to ﬁt diﬀerent uses.
Moreover, materials in output should not be considered waste but resource, introducing the discussed topic about “end of waste”. Hence
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the “end” of product lifecycle is a crucial phase in order to promote circular dynamics. It have to be predicted, designed and assessed. Below
the instruments current used and promoted for the decision-making
process are shown, and the critical aspects are highlighted.
Instruments promoted by European policy
European Commission, within the Construction 2020 strategy and
Communication on Resource Eﬃciency Opportunities in the Building
Sector [European Commission, 2014] (that takes part of Circular Economy Package), promoted a document aimed at increasing the conﬁdence in the construction and demolition waste recycling process
and promoting their market-demand. In fact, in 2016 the European
Commission published the “EU Construction and Demolition Waste
Management Protocol” (2016) [European Commission, 2016] which
improves:
•
waste identiﬁcation, source separation and collection: by waste
deﬁnition, material inventory (through pre-demolition audits
and waste management plans), controlled deconstruction and
selective demolition;
•
waste logistics: by traceability of the waste stream, through waste registration and transport requirement;
•
waste processing: by selective backﬁlling, approval and rejection
process at the gate of recycling;
•
quality management: by quality assurance, through labelling and
certiﬁcations, and transparency of operations;
•
appropriate policy and framework conditions: by restrictions, as
landﬁll taxes, public procurement, enforcement of CDW regulation.
EU Construction and Demolition Waste Management Protocol is an
important step because it promotes recycling activities and waste
logistics of CDW, in order to avoid landﬁll. This protocol in fact (following the action points of European Circular Economy agenda regar-
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ding the development of guidelines for waste auditing), promotes the
use of pre-demolition audits. This audit collects information about the
quantity of waste generated during the demolition, and identify which
materials should (mandatory) be separated at source (such as hazardous waste), which materials can/cannot be re-used or recycled and
how the waste (non-hazardous and hazardous) will be managed and
the recycling possibilities. However, it is not enough, because pre-demolition audits represents a “downstream solution”. Within a circular
economy perspective, the main topic is the avoiding of waste generation, moving towards an “upstream solution”. It is important, at ﬁrst,
to consider and predict the lifecycle at building level, taking into account the possibility of reusing and maintaining the building, without
waste generation.
The sustainability of circular strategies
Scientiﬁc publications [Geissdoerfer et al., 2016; JRC 2011] declare
that not always circular strategies lead to environmental impacts reduction. Hence, it is necessary to use assessment tools for evaluating
the sustainability of the circular strategies. Life cycle assessment and
Life cycle cost are the ISO-standardized methodology useful to quantify the real beneﬁt, avoiding the burden shifting among diﬀerent lifecycle. Instead, the existing instruments used like pre-demolition audit (that regards only the level of CDW management) consider only the
quantity and volume of waste generated by demolition activity; the life
cycle costs and the environmental impacts with a Life Cycle approach
are not taken into account. Only rarely the environmental impact avoided and the costs avoided for landﬁll and transport are considered. So,
it is fundamental the deﬁnition of a “decision-making tools” which can
aid the choice throughout the entire building lifecycle, identifying the
best solution in terms of environmental and economic sustainability.
An instrument for supporting the decision within regeneration of building stock, which can evaluate diﬀerent type of intervention in advan-
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ce taking into account the building reuse and requaliﬁcation (without
demolition and waste generated).
The decision-making tools
The necessity to promote and develop a decision-making tool able
to forecast and evaluate diﬀerent circular strategies is also considered within the work done by the European research BAMB (Building
as Material Banks). In fact, the research has deﬁned the “Circular
Building Assessment tool” (CBA), such as a decision-making tool to
compare and quantify the eﬀectiveness of “circular” alternatives and
business-as-usual options. This tool can assess the reuse of previous
built environment, and the design for reuse by a reversible design. It
can quantify the potential building transformation, highlighting the
relative environmental and economic net beneﬁts. The CBA can easily
exchange data from BIM model because it is based on ISO 16739 [Industry Foundation Classes, IFC] which is the BIM data communication.
The CBA can import BIM data or automatically extract from the model
relevant bill of quantities and material data for the assessment. Where
there are data gaps there is the possibility to implement the information, such as material density and reversibility of connections. The CBA
are currently undergoing validation using the BAMB pilot projects.
Further works regard the development of a readily accessible, automated, commercially available, CBA software, that will support client
and designer in decision. It is important highlight that CBA tool link the
design phase with an environmental and economic evaluation, using
life cycle assessment (LCA) and life cycle costing (LCC) methodologies.
In this way, a designer can know which is the sustainability choice
among diﬀerent options to enhance reuse potential and transformation capacity throughout all phases of building life cycle (design, construction, maintenance, refurbishing, dismantling). Hence the work
done by BAMB project highlights once again the potentiality to combine Building Information Modelling with a life cycle assessment tools,
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demostrating the possibility to develop multiple design options and
assess the more eﬀectiveness choice.
Criticality LCA and LCC methodology in end-of-life evaluation
LCA can aid circular economy decision-making by identifying potential
reduction of environmental impact within building lifecycle [Pomponi,
2017]. In the last years the researches have tried to develop user-friendly tools that could be compatible with BIM and other thermal modelling software [Lowres, 2017], such as the CBA recently tool. However,
if these user-friendly tools are able to acts within the real practices,
on the other hands, if they are not utilized by experts, there is the risk
to create uncontrollable results. The modelling of end-of-life phase in
life cycle assessment tools need a lot of assumptions, also because the
end of life of building occurs in the future. Diﬀerent assumption leads
to diﬀerent results, and this is the reason why the life cycle assessment
has to be carefully conduct by qualiﬁed persons; several assumptions
such as: the types of treatment, the distance to plants of treatment,
the eﬃciency of material recycling and the eﬃciency of technology
and practices (existing or future). Then, there are methodological assumption, like the allocation approach between consequential and attributional, the system boundary and the data assumption considering
the data-quality [Giorgi, 2018].
Conclusion
Circular economy promotes the reuse and recycling of waste at the
end of its life, but the most ambitious objective to be achieved is to
avoid the formation of waste: it is necessary to overcome the end-oflife approach and to introduce strategies toward the extension of the
useful life of buildings and building components. The introduction of
decision making tools, based on LCA and LCC, applicable to the processes of urban regeneration and transformation of the building stock,
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would help to demonstrate the advantage of maintaining resources in
use and the activation of virtuous processes, in the direction of eﬀective sustainability and eﬃcient use of resources.
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