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INTEGRATING CIRCULAR ECONOMY AND
CONSTRUCTABILITY RESEARCH: AN INITIAL
DEVELOPMENT OF A LIFECYCLE "CIRCULARITY"
ASSESSMENT FRAMEWORK AND INDICATORS

Mohamed Abadi! and Muhammad Ali Sammuneh?

! Department of Mechanical, Aerospace and Civil Engineering (MACE), The University of Manchester,
Manchester, M13 9PL, UK

2 Institut de Recherche en Constructibilité (IRC), Ecole Spéciale des Travaux Publics, du bdtiment et de
I"Industrie (ESTP), Université Paris-Est, 28 avenue du président Wilson, 94230, Cachan,
France

Hitherto, the Circular Economy (CE) in construction literature has lacked a holistic
framework for assessing the "circularity" of construction activities. This has delayed
full transition of the construction industry to CE. The 'Lifecycle "Circularity”
Assessment Framework (LCAF)' proposed in this paper presents a significant
contribution as it facilitates measuring the industry's transition to CE through twelve
“circularity” indicators (Cls) that signify high-level requirements of a construction
CE. Grouped in five themes relevant to different stages of a project lifecycle, these
indicators assess the "circularity" of construction activities, rather than of tracking
their casual links with individual CE concepts. A systematic review assessed
“circularity” within the ‘constructability’ literature, as both ‘constructability’ and CE
share a philosophical focus on resource value, using the proposed framework. Results
revealed a weak, but increasing, association between CE and ‘constructability’, and a
variable engagement with different CE themes and indicators. The literature has
engaged with indicators that fall inside its comfort zone, i.e., those related to design
and construction. This misses the opportunities offered through engaging with other,
more challenging, CE themes and indicators providing directions for future research.
Moreover, the proposed framework reshapes the relationship between CE and
sustainability, 'flipping' the traditional view of CE being subordinate to sustainability.
It also has a potential to extend into rating "circularity" by construction firms/projects
to identify areas of good practice and those for “circularity” improvements.

Keywords: circular economy, Lifecycle Circularity Assessment Framework, LCAF

INTRODUCTION

The term circular economy (CE) was first introduced by Pearce and Turner (1990).
CE has its roots in a variety of ideologies and schools of thought such as regenerative
design, performance economy, cradle-to-cradle and industrial ecology (Sauvé et al.,
2016; Rizos et al., 2017; De los Rios and Charnley, 2017; EMF, 2013). Moreover,
cleaner production (CP) is a relevant concept that can be used to achieve the goals of
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both CE and sustainable development (Ghisellini et al., 2016). Reviewing the scope
of CE in the literature reveals two limitations: first, there is no consensus in the
literature on the scope of CE. Ghisellini et al., (2016) believe CE should cover the
entire life-cycle of any process, taking into consideration its embedded context, and
lead to material or energy recovery along with improvement of the entire living and
economic model. This holistic approach to CE requires reshaping the entire chain of
production, consumption, distribution and recovery (Ghisellini et al., 2018).
However, the CE concept is frequently viewed in the literature from the closed
material loops and waste management perspectives (e.g. Sauvé et al., 2016; De los
Rios and Charnley, 2017; Preston, 2012). Second, the relationship between CE and
‘sustainability’ is not explicitly addressed, which “is blurring their conceptual
contours and constrains the efficacy of using the approaches in research and practice”
(Geissdoerfer et al., 2017). The CE concept is frequently perceived as a subordinate
to sustainability, being considered as a pathway to product sustainability (De los Rios
and Charnley, 2017), and a strategy to achieve a more 'sustainable development' and a
harmonious society (Ghisellini et al., 2016). However, actual CE research focuses on
waste management having little linkage with sustainable development (Kirchherr et
al., 2017); whereas sustainability research in construction is limited to high-
performance green buildings and retrofitting (Sanchez and Haas, 2018), and energy
consumption and carbon emissions (Pomponi and Moncaster, 2016).

The lack of a valid framework and tools to measure the overall transition of different
industries from ‘linear’ to ‘circular’ models (EMF, 2015a) is directly linked to the
ambiguous scope of CE. Sauvé ef al., (2016) believe that CE tends to have narrower
objectives than those of sustainable development; it includes a fragmented collection
of concepts derived from different scientific fields, some being poorly established
(Korhonen et al.,2018). The diversity of concepts, schools of thought, and
stakeholders operating in significantly different environments have all blurred the CE
concept (Kirchherr et al., 2017). CE research is characterised by a partial approach
(Pomponi and Moncaster, 2017), engaging with conceptual discussions about
individual concepts of CE, with no practical implementation strategies provided
(Suarez-Eiroa et al., 2019). Trends of CE research in construction include
construction and demolition (C&D) waste management (Ghisellini ez al., 2018),
sustainable construction (Kibert, 2016), and industrial symbiosis (Smol et al., 2015).

The first comprehensive definition for 'buildability' (the initial form of
'constructability'), was provided by the Construction Industry Research and
Information Association (CIRIA) in 1983 (Kifokeris and Xenidis, 2017). Early
definitions of ‘constructability’ reveal shared objectives with the CE concept; better
knowledge and expertise management to review construction processes early in pre-
construction and design stages to facilitate ease of construction (CIRIA, 1983),
achieve overall project objectives (CII, 1986), and predict obstacles prior to the
construction stage (IPENZ, 2008). Nima et al., (2001) listed 23 constructability
concepts (CCs), with many in line with CE principles such as: use of prefabrication
and off-site construction to avoid adverse weather conditions; planning for good site
management, efficient use of resources and improved productivities; efficient use,
reuse and recovery of temporary facilities and construction equipment; and improved
collaboration through effective use of information technology.

Early constructability definitions have two main limitations. First, they fail to address
the totality of the building life-cycle, with a focus on the construction stage, but not on
the operation and decommissioning stages. Second, they are motivated mostly by
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economic, rather than environmental and social objectives. Later definitions (e.g.
Gambatese ef al., 2007) start to acknowledge the whole building life-cycle, with the
IRC (2013) proposing a framework to show how the scope of 'constructability' grew
from facilitating building construction to the whole construction life-cycle and
improving building performance. This is a natural response to technological and
ecological changes and growing societal concerns of sustainability, and it can thus be
posited that both constructability and CE have shared objectives of retaining the value
of resources for as long as possible whilst also minimising waste.

RESEARCH AIM, OBJECTIVES AND METHODS

Constructability literature provides no empirical evidence of any engagement with CE
concepts, and therefore the posited sharing of objectives needs to be assessed using a
systemic approach examining industry conformity with CE requirements and
exploring areas for “circularity” improvements. Subsequent presenting of such
improvements to the industry in the context of objectives shared with a known
'philosophy’ (constructability) may result in wider adoption of them. This requires:

1. Proposing a holistic framework, using a 'project life-cycle assessment (PLA)'
approach, for “circularity” assessment of construction activities and practices.

2. Assessing conformity of 'constructability' research and practices with CE
requirements using the proposed framework.

The 'Lifecycle "Circularity" Assessment Framework (LCAF)' proposed in this paper
could have been introduced without the inclusion of “constructability”. However, the
innovative nature of this initial framework necessitated the need to explore its
applicability within a context, i.e., ‘constructability’. This gives the proposed
framework some meaning and provides an example of how construction processes
would benefit from its adoption. This framework includes five main themes aligned
with different stages in the project lifecycle. The literature was reviewed for
relevance of generic CE concepts and requirements to the five themes. Consequently,
these were grouped into twelve "circularity" indicators (Cls) embodying high-level
requirements of CE in construction. A systematic review of the literature, including
132 articles, was then conducted to explore whether 'constructability' research and
practices fulfil CE requirements, and support the transition of construction to CE.

A Framework for "Circularity'" Assessment

Reviewing CE literature in general reveals a few attempts to identify principles,
strategic focus areas, and related metrics or indicators to measure the transition to CE.
For example, Su et al., (2013) categorize CE practices into four areas: production,
consumption, waste management, and other support; each includes practices at
different managerial levels of CE: micro, meso and macro. The first three areas
perceive CE from the material perspectives, whereas the fourth highlights the role of
governments and NGOs in promoting CE. Ellen MacArthur Foundation (2013)
introduced a generic framework of four “building blocks” to promote the transition to
CE, including: circular product design and production, new business models, building
reverse cycle, and cross-cycle collaboration. This shifts the focus from material-
centred perspectives, and instead highlights the role of better planning, collaboration,
and the use of new business models in the transition to CE. The European
Environmental Agency (2016) provides a generic set of policy questions for CE
assessment classified under five main areas: material input, eco-design, production,
consumption, and waste recycling. This framework is adopted by Elia et al., (2017) to
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assess different CE concepts based on ability satisfy five CE principles: reducing
material inputs, reducing material losses, reducing emissions, using
renewable/recyclable resources, and increasing product durability. Suérez-Eiroa et
al., (2019) use these principles, complemented with two transversal principles
(‘'designing for CE' and 'educating for CE'), to group practical strategies of CE.

CE literature has two shortcomings: firstly, suggests no valid indicators for assessing
the actual transition to CE; and secondly, the transition to CE is not discussed in a
specific context i.e., industry. This first issue is addressed in the ‘Circularity
Indicators Project’ (EMF, 2015a) that suggests a tool to measure how advanced
products and companies are in transitioning to CE using four criteria: inputs in the
production process, utility during in-use stage, destination after use, and efficiency of
recycling. The ‘Delivering the CE’ report (EMF, 2015b) also suggests a toolkit to
measure a country’s level of "circularity" using four metrics, each is linked to one or
more relevant assessment criteria. These include resources productivity, circular
activities, waste generation, and energy consumption and greenhouse gas emissions.

In construction, Sanchez and Haas (2018) argue that CE principles must be integrated
into the construction process. This can be facilitated by more involvement of clients
as key drivers in project teams (Haugbelle and Boyd, 2017), including CE decision
gates and “pre-project” or “front-end” planning (Sanchez and Haas, 2018), and design
and education as transversal elements (Sudrez-Eiroa et al., 2019). The UK Green
Building Council (2019) report attempted a holistic approach to embedding principles
of CE in construction projects, by providing guidance on how to address principles of
CE in project briefs. It consists of a list of high-level CE principles to be applied in all
construction projects but provides no valid framework of indicators to assess overall
“circularity” of project outcomes and does not extend beyond the project brief.

Proposing a 'Lifecycle "Circularity" Assessment Framework (LCAF)':

This paper argues for the project-based nature of the construction process to be
embedded in "circularity" assessment, and any framework developed for this purpose
to address the totality of the project life-cycle. This requires a link between CE
requirements, as perceived in the literature, and different stages of the project life-
cycle some of which currently are not well-addressed or are absent (e.g. the
‘decommissioning’ stage). This does not promote 'closing material loops' as a key CE
requirement and limits the potential of construction practices to implement CE
principles.

The 'Lifecycle "Circularity" Assessment Framework (LCAF)' proposed in this paper
adopts a 'project life-cycle assessment (PLA)' approach to measure conformity of the
'constructability’ literature to high-level requirements of CE referred to as "circularity"
indicators (Cls); rather than tracking its casual links with individual CE concepts. Cls
are grouped into five themes relevant to main stages in a construction project life-
cycle. Themes include: (1) 'design for circularity' to link to the 'design stage', (2)
'reduced construction impact' to link to the 'construction stage', (3) 'sustainable
utilisation and maintenance' to link to the 'operation stage', (4) 'C&D waste mgmt.' to
link to 'closing material loops' during 'construction' and 'decommissioning' stages, and
(5) 'CE mgmt.' for managerial requirements that cannot be included in other themes.

Generic CE requirements identified in the literature are classified according to their
relevance to the five framework themes. Subsequently, these are grouped into twelve
"circularity" indicators (CIs) embodying CE requirements relevant to different themes.
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Designing for CE plays a transversal role in promoting circularity across product life-
cycle (Suarez-Eiroa et al., 2019), which signifies a fundamental change in design
practices (De los Rios and Charnley, 2017). In the first theme, 'design for circularity’,
three Cls are used to assess "circularity" of design practices: 'design solutions to
maximise future circularity', 'use of low-impact and innovative materials', and 'embed
recycled materials in design'. The first CI is aspirational, as it assesses plans for future
"circularity" at the project end-of-life, whereas the other two Cls are active, as they
measure "circularity" achieved during project delivery. The second theme, 'reduced
construction impact', includes two CI encapsulation requirements relevant to 'reduced
material inputs' through more efficient construction processes and equipment sharing,
and 'innovative construction methods' e.g., off-site construction and 3D printing.

Table 1: The proposed 'Lifecycle "Circularity" Assessment Framework (LCAF)'

Circularity Themes

Circularity Indicators

« Design Solutions to Maximise Future Circularity:

Design for Circularity in Construction
(Design Stage)

(design for disassembly, longevity, and modularisation

* Use of Low-impact Innovative Materials

+ Embed Recycled Materials in Design

Reduced Construction Impact
(Construction Stage)

Reduced Material Inputs:
efficient const. processes, sharing equipment

* Innovative Construction Methods:

e.g. off-site construction, 3D printing

« Durability of Building, Asset, or Project:

Sustainable Utilisation & Maintenance
(Operation Stage)

efficient use, repair, maintenance, and repurpose

* Reduced Environmental Impact of Operation:

CO2 emissions, energy consumption, and domestic waste Mgmt

« Construction Waste Mgmt.:

C&D Waste Mgmt.
(Closing Material Loops)

waste minimisation material & equipment recovery for onward reuse

« Demolition Waste Mgmt.:

Integrating the 3R framework & waste mgmt. hierarchy

CE Mgmt.
(Business Models, Education, and Data Mgmt.)

New Business Models and Strategies
Planning, Collaboration, and CE Data Mgmt.

* Education, Training, and Stakeholders CE Awareness

The third theme, 'sustainable utilisation and maintenance', provides a new
understanding of the link between CE and 'sustainable development'. Two Cls are
used to group sustainability requirements relevant to the operation stage in
construction projects: 'durability of building, asset, or project', and 'reduced
environmental impact of operation'. The first indicator includes sustainability
requirements related to efficient use, repair, maintenance, and project re-purposing,
whereas the second indicators relate to carbon emissions, energy consumption, and
waste production and management. The fourth theme, 'C&D waste mgmt.', is
concerned with closing material loops in construction. CE is frequently viewed in the
literature from the waste management perspectives (Kirchherr et al., 2017), so here
two main ClIs address the main sources of waste in the construction process. The
'construction waste mgmt.' indicator focuses on waste minimisation strategies, and
material and equipment recovery for onward reuse, whereas the 'demolition waste
mgmt.' indicator has more focus on integrating the 3R framework and waste
management hierarchy. A fifth theme, 'CE mgmt.', is added to include all managerial
requirements that cannot be included in other groups. A transition to CE requires a
systemic change in the way we do business (McAloone and Pigosso, 2018), and a
complete reform of both production and consumption processes (Yuan et al., 2006),
which should be transformative rather than just delivering incremental efficiency
gains (Preston, 2012). The fifth theme includes three Cls encapsulating managerial
requirements relevant to new business models and strategies', 'planning, collaboration,
and CE data mgmt.', and 'education, training, and stakeholder CE awareness'.

SYSTEMATIC REVIEW
Scope and Strategy

The purpose of this systematic review is to assess the literature for articles associating
between the ‘circular economy’ and different 'constructability' practices using the
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proposed LCAF framework. Figure 1 demonstrates scope, search strategy, numbers
of articles, and analytical strategy used in the systematic review. ‘Google Scholar’,
‘Scopus’, and ‘Web of Science’ databases were used to search relevant literature with
no time boundary. The actual search was conducted in December 2019 using the
following keywords: "Circular Economy" AND ("Building*" OR "Construction")
AND (“Constructability” OR "Constructibility" OR “Buildability"). This covers the
three different ‘constructability’ terms used in the literature.

Search ‘Google Scholar’, ‘Scopus’, and ‘Web of Science’ databases
yielding 132 Hits in total (December 2019)
|

v ¥
Google Scholar: Scopus: Web of Science:
“Circular Economy” AND “Circular Economy” AND
(building™ OR "Construction”) AND (building™ OR "Construction”)
5 ~ OR "G - | | e 3
OR “Buildabilty")
(117 Hits)
I

“Circular Economy” AND
AND ("building™ OR "Construction™) AND

y" OR "C y C OR "
OR “Buildabiity”) OR “Buildabily”)
(15 Hits) (0 Hits)

]
v

g £ rticles:
16 duplicates and 50 non-af rticles.

removed
(Remaining: 66 articles)

!

Review of relevance:
Abstracts revie'
9 articl emoved

(Final sample: 57 articles)

I
v k2 v
standard Bibliometric Analysis | [“Circularity” Assessment of the Contribution to CE
(Quantitative Analysis) ‘C illity’ Li (Qualitati i

for relevance and

Aticles classified according to (Quantitative Analysis) Analysis of full articles
Journal, year of publication, and | |Articles classffied against: ‘themes’ how CE concepts addressed in
geography and “circul (Clsy ‘C ‘ research
included in proposed model

Figure 1: Scope, keywords and strategy adopted in the systematic review

The initial search yielded only 132 hits using three search engines, Figure 1. This
reveals a weak association between ‘circular economy’ and ‘constructability’ despite
the well-established literature on both topics individually in the 'Construction' and
'‘Building' literature. For example, the initial search on 'Google Scholar' yielded
49,400 hits for “circular economy”, 42,200 hits for different terms of 'constructability’,
and only 117 hits for the association between the two topics. Similarly, ‘Scopus’
returned only 15 hits, while the "'Web of Science' returned no hits. Furthermore,
61.21% (71/116) of articles in the initial sample were published in the period 2018-
2019. This reveals the growing trend of integrating CE concepts into constructability
practices; an evolution that supports the suggestion made earlier of a means to wider
CE adoption. The initial sample was refined by removing 16 duplicates and 50 non-
articles. Consequently, the remaining 66 articles were reviewed for their relevance to
the scope of this research, and 9 articles were excluded as they provided no precise
association between CE and constructability. The final sample comprised 57 articles,
including: empirical articles, conceptual articles, and conference papers.

Data Analysis: "Circularity" of 'Constructability' Research

The final sample, including 57 articles, was analysed to examine published evidence
to provide deeper insights into the adoption of CE concepts in the constructability
literature. Analysis included: standard bibliometric analysis, as well as quantitative
and qualitative analysis with respect to the LCAF framework proposed in this paper.
Articles were quantitatively categorised according to their relevance to the 5 themes
and 12 "circularity" indicators (CIs) included in the proposed framework. Moreover,
studies in the final sample were qualitatively analysed to enrich discussions and
capture the main argument in each of these studies. Results for different themes and
associated "circularity" indicators (Cls) were depicted using radar diagrams to explore
engagement of constructability literature with CE concepts and identify areas for
further "circularity" development. Data analysis shows that articles in the final
sample have most engagement with 'CE mgmt.' 36.84% (21/57), and 'design for
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circularity' 35.09% (20/57) themes. The other three themes of "circularity" reveal
lower levels of engagement: 'C&D waste mgmt.' 17.54% (10/57), 'reduced
construction impact' 15.79% (9/57), and 'sustainable utilisation and maintenance'
12.28% (7/57), Figure 2.

Design for Circularity in Construction

(Design Stage)
35.09% (20/57)

CE Mgmt.
(Business Models, Education,
and Data Mgmt.)
36.84% (21/57)

Reduced Construction Impact
(Construction Stage)
15.79% (9/57)

C&D Waste Mgmt. ustainable Utilisation &

Closing Material Loops| -
! 17g54% (10/57) w (Operation Stage)
: 12.28% (7/57)

Figure 2: Engagement of literature with "circularity” themes

Data analysis across "circularity" indicators (Cls) provides deeper understanding of
areas of good practice and those appropriate for "circularity" improvements, Figure 3.
At this early stage of engagement with CE, constructability literature engages with Cls
that fall inside researchers' 'known' comfort zone, i.e., those related to design and
construction stages; require little effort and yield acceptable results. This approach
has similarities with the innovation adoption curve of Rogers and indicates an industry
at the first stage of CE adoption (innovators).

Design Solutions to Maximise Future
ircularity
28.07% (16/57)
Education, Training, and Stakeholders

CEAwareness
12.28% (7/57)

Use of Low-impact Innovative
Materials
7.02% (4/57)

Planning, Collaboration, and CE Data Embed Recycled Materials in Design

Mgmt.
12.28% (7/57) 0% (0/57)

New Business Modelsand Strategies
12.28% (7/57)

Reduced Material Inputs
3.51% (2/57)

Demolition Waste Mgmt.
7.02% (4/57)

Innovative Construction Methods
10.53% (6/57)

bility of Building, Asset,
Construction Waste Mgmt. rability ot Bullding, Asset or

12.28% (7/57) 8.77% (5/57)

Reduced Environmental Impact of
peration
1.75% (1/57)

Figure 3: Engagement of literature with 'Circularity Indicators (Cls)'

The high level of engagement with the 'design for circularity' theme highlights the role
that design plays in promoting circularity throughout the whole building life-cycle.
However, results revealed that this engagement is mostly aspirational as more articles
are concerned with 'design solutions to maximise future circularity' 28.07% (16/57);
whereas fewer engaged with the 'use of low-impact and innovative materials' 7.02%

(4/57), and the 'embed recycled materials in design' indicator was totally overlooked
0% (0/57).

The proposed framework includes three construction-related indicators for which
variable levels of engagement were identified: 'construction waste mgmt.' with focus
on waste minimisation and equipment recovery for onward reuse 12.28% (7/57);
'innovative construction methods' 10.53% (6/57), and 'reduced material inputs'

(concerned with the use of efficient processes and equipment sharing) that received
only 3.51% (2/57).
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Moreover, articles showed little interest in 'demolition waste mgmt.' 7.02% (4/57),
keeping a weak link with CE concepts related to buildings' end-of-life stage.
Unexpectedly, articles revealed little engagement with 'sustainable utilisation and
maintenance' indicators relevant to the 'operation' stage: 8.77% (5/57) for 'durability of
building' relevant to efficient use/repair/maintenance and building repurposing; and
only 1.75% (1/57) for 'reduced environmental impact of operation' relevant to carbon
emissions and energy consumption topics.

In contrast, the final sample revealed greater engagement with the three 'CE mgmt.'
indicators, with 12.28% (7/57) each; seeking opportunities offered by new CE
managerial strategies relevant to these indicators.

CONCLUSION

This paper makes a significant contribution to both construction circular economy
(CE) and ‘constructability’ paradigms. Reviewing CE in current construction
literature reveals two main limitations delaying the transition to CE: first, the lack of a
holistic framework for project life-cycle assessment (PLA) of "circularity" within
construction activities; second, the lack of clarity about the relationship between CE
and sustainability concepts and any overlap between them. The 'Lifecycle
"Circularity" Assessment Framework (LCAF)' proposed here represents an innovative
and novel departure point for the future transformation of CE in construction. This is
through making the effectiveness of CE transition propositions measurable via
assessment of the overall construction activities’ “circularity” across the entire project
life-cycle. The proposed framework includes twelve “circularity” indicators (CIs)
grouped in five themes relevant to different stages of a project life-cycle. Cls
represent stage-relevant, high-level requirements of CE in construction, with each
encapsulating larger numbers of theme-relevant CE concepts. This helps identify
areas of good practice and those appropriate for “circularity” improvements. This
paper also extends the scope of CE through integrating sustainability notions relevant
to the 'operation' stage into a broader framework for "circularity" assessment. This
represents a shift in previous understanding of the link between CE and sustainability
in construction; 'flipping' the traditional view of CE being subordinate to
sustainability.

This paper argues that full transition to CE requires holistic understanding of complex
CE solutions combining multiple concepts across the entire project life-cycle. Data
analysis revealed a weak association of 'constructability' with CE in general, and
variable engagement with themes and indicators included in the LCAF framework.
Two main findings are worthy of emphasis. First, the totality of the framework,
including all themes and Cls, needs to be considered, as close engagement with only
one theme may initially be apparent. For example, the high engagement of
'constructability’ with the design theme is only aspirational and has not resulted in
actual embedment of circular materials in building design. Second, low results for
individual CIs may seem casual, simple and unrelated, but a cross-theme approach can
establish that more complex CE solutions may be required. For example, effective
C&D waste management and closing material loops require close collaboration
between all stakeholders, active CE data management, new business models in
construction supply chains, and effective use of BIM tools to combine circular
materials in design. Future research will seek to verify and validate the proposed
LCAF framework using real-life project example(s) and feedback from construction
practitioners (early adopters and early majority representing pragmatists and
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mainstream market) to insure its adequacy for “circularity” assessment, and explore its
potentials for supporting decision-making in construction projects. This will allow the
connection between the LCAF framework and 'constructability' to drop away.
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