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Abstract 
The need to reduce waste generation and resource extraction arising from the traditional linear economy system is gaining 
the attention of scholars, organisations and governments. A potential alternative is the circular economy concept, which can 
minimise waste, keep materials in circulation through reuse and recycling principles and consider the environmental, social 
and economic benefits of products. The circular economy evolved from some conflicting concepts and theories to a linear 
economy. The purpose of this study is therefore to identify those concepts and theories and to explore their potential contri-
butions to the construction industry. To achieve the objective of the study, a semi-systematic review of extant literature was 
conducted. The results indicated that 14 concepts including cradle to cradle, regenerative design, biomimicry, performance 
economy, industrial ecology and reverse logistics are the pillars of the circular economy. The findings revealed that all the 
concepts share similar characteristics with the circular economy and are relevant to the construction industry, especially for 
environmental protection. Seven (50%) of the pillars are applicable for reuse and recycling, six (42.8%) for resource efficiency, 
three (21.4%) for design and two (14.3%) for service models. However, it is hoped that the results of this study will contribute 
to the body of knowledge on the circular economy concept and waste management. The development of a framework for the 
identification of suitable concepts for the construction industry is recommended for future studies.
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Background of the study

Concern about waste generation, resource consumption and 
energy inefficiency resulting from construction activities, 
and processes have become major issues in the construction 
industry around the globe. As a result, a lot of research has 
focused in recent years on the need to eliminate waste and 
minimise energy and resource consumption by using sus-
tainable concepts. Waste, being an inevitable by-product on 
construction projects (Abarca-Guerrero et al. 2017) has been 
shown to be directly linked to the conventional construction 
method (Abdelhamid 2014). Since this method encourages 
the construction of primary structural elements on site, the 
volume of waste and resource consumed has increased. The 
traditional method of construction uses natural resource 
materials that are then disposed of during deconstruction 

or demolition. While this construction method be com-
pared to the linear economy concept (i.e. “take-make-use-
dispose”), which is considered as unsustainable (Xinan and 
Yanfu 2011), high waste volume, resource and energy inef-
ficiency need to be addressed in order to achieve sustainable 
construction.

Several authors (Murray et al. 2017; Qian and Wang 
2016) proposed the circular economy concept as a substitute 
for the linear economy. Extensive research has been con-
ducted on the prospects of the circular economy to minimise 
waste and improve energy and resource efficiency. For exam-
ple, recent studies (Alhola et al. 2019; Graedel et al. 2019) 
revealed that the circular economy concept has economic, 
environmental and social benefits including resource pro-
ductivity, conservation of natural resources and income gap 
closure. The circular economy could be the perfect economy 
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model to achieve sustainable development (SD). As demon-
strated in the manufacturing industry (Hayashi et al. 2019; 
Ünal and Shao 2019) and textile industry (Balanay and 
Halog 2019; Weber 2019), the circular economy concept 
encourages the 3R principles (reduce, reuse and recycle) and 
take-back schemes while decoupling economic growth from 
resource consumption.

More recently, Rajput and Singh (2019) established the 
link between the circular economy and industry 4.0. Like-
wise, Akinade and Oyedele (2019) developed a BIM-based 
computational tool for accurate waste prediction. These 
studies suggest that the circular economy, a sustainable 
concept for minimising construction waste is gaining trac-
tion. The challenges of the circular economy have also been 
addressed by many authors; in 2016, Ghisellini and col-
leagues identified some challenges based on the CE princi-
ples. Xue et al. (2010) identified key obstacles to the adop-
tion and implementation of the circular economy including 
lack of technology, expertise and understanding, unaware-
ness and lack of government funding. Likewise, Tunn et al. 
(2019) observed that the introduction of business models 
could change production and consumption patterns while 
unlocking socio-economic and environmental benefits of 
the circular economy. Despite the advantages and evidence 
of successful application of the circular economy in vari-
ous sectors of the economy, its practical application in the 
construction industry is limited due to lack of understanding 
of its roots and little attention paid to its potential contri-
butions. Though the circular economy is not a stand-alone 
concept; it relies on some pillars or roots for its success. 
Therefore, identifying these pillars could be the key fac-
tor in its adoption, especially in the construction industry. 
Similarly, highlighting the potential contributions of the cir-
cular economy concept may expedite its implementation. It 
is against this backdrop that this paper aims to describe the 
circular economy pillars, which are also known as circular 
economy roots or schools of thought. The study was guided 
by the following research questions.

 i. How many circular economy pillars can be identified 
from the literature?

 ii. What are the contributions of the circular economy 
pillars to the construction industry?

This study shows that implementing the circular economy 
in the construction industry would not only reduce envi-
ronmental pollution arising from waste, it could improve 
social and economic characteristics of the industry. The next 
section describes the methodology, while the section that 
followed describes the potential applications of the circu-
lar economy pillars to the construction industry. Implica-
tions and limitations of the study are highlighted in the last 
section.

Methodology

The research design adopted for this study was a semi-
systematic review. This type of review is also known as 
traditional literature review (Onwuegbuzie and Frels 2016) 
or the narrative review (Wong et al. 2013). Snyder (2019) 
clarified that the semi-systematic review aims to recog-
nise and explain all study patterns theoretically important 
to the subject under consideration through meta-narrative 
synthesis. In addition, the semi-systematic review was 
adopted for this study because it gives a clear and crucial, 
yet factual overview of existing knowledge on the subject 
(Onwuegbuzie and Frels 2016). In conducting the review, 
the generic six-step literature review process was followed, 
including the formulation of research questions, literature 
search, screening, study assessment, data extraction and 
data analysis (Templier and Paré 2015).

For the purpose of this study, the first step was the for-
mulation of the research questions to guide the review pro-
cess. The research questions guided the type of informa-
tion and search terms sought in the literature. It also aided 
the selection and analysis of the relevant studies. The sec-
ond step involved an exhaustive search of extant literature 
on google scholar and various electronic databases (such 
as scopus, web of science, science direct and directory of 
open access journals) for relevant information based on 
the research questions. A number of terms and texts relat-
ing to the circular economy concepts were appropriately 
combined in the search. The results of the search revealed 
several published and unpublished articles on the subject. 
It was also found that many definitions have been used for 
the circular economy concept and that its application has 
spanned a wide range of sectors.

As a third step, the screening process included the 
application of inclusion criteria (history, roots and applica-
tion of the circular economy concepts) to identify potential 
studies eligible for review on the basis of their relevance. 
Following the screening process, all prospective studies 
were assessed for scientific quality including their research 
design, methods and findings. The next step involved the 
extraction of data from studies that passed the assess-
ment. To extract data, the articles were read and reviewed 
in order to identify the pillars of the circular economy 
concept. As a final step, data extracted from the included 
studies were collated, analysed and synthesised. Content 
analysis was performed as a commonly used technique for 
narrative review (Snyder 2019) to determine the circular 
economy pillars. The findings contribute to the body of 
knowledge and are presented in the next section.
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The circular economy pillars

The circular economy definition varies but most of them 
convey the principal idea—waste does not exist. This 
study employs Liu’s (2012, p. 256), definition of the cir-
cular economy, which is described as “an economy system 
which is characterised by principle of sustainable growth 
and depends less on depletion of natural resources than 
traditional economies through the mechanism of recycling 
the waste output of its system”. The circular economy is 
regenerative by design and intention, whose aim is to 
design out waste and as such depends solely on waste 
mitigation and reduction (Schulte 2013) and therefore 
stimulates innovation throughout the industry (European 
Commission 2014a). Consequently, there is a clear indi-
cation that the circular economy is dependent on estab-
lished sustainability concepts to achieve its overarching 
goal of sustainable development. The sustainable concepts 
(Fig. 1) can be described as pillars supporting the circular 
economy; they are identified and described in the follow-
ing sections.

Industrial ecology

Industrial ecology (IE) was conceptualised by Ayres, Frosh 
and Gallopolous in the late 1980s (Damen 2012) but with-
out specific or standard definition. As a result, different 
definitions have evolved with a general emphasis on energy 
and material flow through industrial systems. For instance, 
Graedel and Allenby (2011, p. 41) described IE as “the 
study of technological organisms, their use of resources, 
their potential environmental impacts and the ways in which 
their interactions with the natural world could be restricted 
to enable global sustainability”. According to Lowe (2001), 
it is an approach that integrates human systems with natu-
ral systems, minimises energy, materials use and ecologi-
cal impacts of human activities to achieve sustainability. 
IE focuses on energy and material flow through the entire 
production system as well as its interplay with the biosphere 
(Graedel and Allenby 2002). As emphasised by Damen 
(2012), the concept studies the compatibility between indus-
trial and local natural systems to monitor the flow of mate-
rials. IE is aimed at “optimising energy and materials, pol-
lution and waste reduction through an economically viable 

Fig. 1  Circular economy roots.  
Source: Ogunmakinde (2019)
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transformation of industrial by-products or waste into inputs, 
with the ultimate goal of enabling industrial systems that 
mimic natural ecosystems” (CIRAIG 2015, p. vi). Similarly, 
it creates closed-loop processes, eliminates unwanted by-
products and uses waste as a resource through technological 
innovations (Ellen MacArthur Foundation 2013a; Erkman 
1997).

IE has three dimensions, which are proactive, analyti-
cal and methodological, according to Erkman (1997), cited 
by Chiu and Geng (2004). It is proactive because it offers 
ideas to companies, policy makers and government on ways 
to achieve sustainable development (SD) (Chiu and Geng 
2004). It is analytical since it seeks to gather information on 
the workability of industrial systems, whereas methodologi-
cally, IE focuses on regulatory frameworks and interactions 
with the ecosystem. The practical aspect of IE involves how 
companies use it to improve their performance or how policy 
makers use it to develop SD road maps (Graedel and Allenby 
2002). This implies that its principles are applicable to prod-
ucts, companies, organisations, provinces, regions and cities. 
For example, Su et al. (2013) revealed that IE underpinned 
the creation of eco-industrial parks in China and has been 
argued to be responsible for the exchange of by-products and 
common resources between independent companies (Zhu 
et al. 2007). That is, waste from one company becomes raw 
materials for another and, as such, creates a closed loop and 
reduces the extraction of virgin materials. The industrial 
symbiosis in Kalundborg, Denmark, is a practical example 
of IE (Damen 2012), which engages “traditionally separate 
industries in a collective approach to competitive advantage 
involving physical exchange of materials, energy, water and 
by-products” (Chertow 2007 p. 120). IE creates synergy 
between industries while reducing environmental impacts 
through techniques including life cycle cost (LCC) and life 
cycle analysis (LCA) (Hauschild et al. 2005) in compli-
ance with set standards such as ISO14001, ISO9001 and 
ISO26000 (Jabbour 2013).

Several authors (Ellen MacArthur Foundation 2013a; 
Yuan et al. 2006) have argued that the circular economy 
originates from industrial ecology. Murray et al. (2017) note 
that IE and the circular economy share lineage with much 
overlap. However, the transition of IE to circular economy 
may be seen as revolutionary vision for industrial systems 
(Iung and Levrat 2014) because of the integration between 
human and natural systems. In addition, Saavedra et al. 
(2017) maintain that without IE concepts and tools such as 
industrial symbiosis, circular economy would be impossible. 
Therefore, IE concentrates on protecting the environment 
and reducing waste at the firm level, promotes inter-firm 
industrial symbiosis and encourages the development of eco-
industrial parks at state or federal levels. IE is relevant to the 
construction industry in two ways—industrial symbiosis and 
eco-industrial parks. The former ensures synergy between 

different industries where by-product or waste from one 
becomes resource for another (Boons 2013). For instance, 
agricultural by-products may be used in the production of 
construction materials (e.g. sawdust is used in light weight 
concrete (Aciu and Cobirzan 2013)). On the other hand, eco-
industrial park allows communities or industries to share 
resources, services and facilities. These include centralised 
waste management services, shared waste management 
infrastructure and waste recovery through industrial sym-
biosis (Freitas and Magrini 2017).

Cradle to cradle

Stahel, one of the progenitors of the circular economy, 
referred to the linear economy as "Cradle to Grave" and CE 
as "Cradle to Cradle" and (Giarini and Stahel 1989). Walter 
R. Stahel coined the term "cradle to cradle" in the 1970s. 
It became popular, however, through the work of Michael 
Braungart and William McDonough entitled “Cradle to 
Cradle: Remaking the way we make things”. The present 
industrial economy model of “take-make-waste-dispose” 
known as “cradle to grave (C2G)” cannot provide required 
solutions to the sustainability challenges currently facing the 
world (McDonough and Braungart 2002). The C2G model 
is unsustainable hence, the development of the "cradle to 
cradle" (C2C) model which creates goods and services by 
generating economic, social and ecological values thus mak-
ing it sustainable (Preston 2012). Therefore, it can be argued 
that the C2C model is the exact reverse of the C2G model. 
However, McDonough and Braungart (2010) described it as 
a closed-loop production model where materials are recycled 
to minimise waste.

According to McDonough et al. (2003, p. 435), C2C is an 
industrial model, which ensures products are designed to be 
“commercially productive, socially beneficial and ecological 
intelligent”. As such, C2C is a design method that enables 
"design for abundance" (McDonough and Braungart 2002) 
whose main focus lies on eco-effectiveness (Braungart et al. 
2007). This is quite different from traditional product design 
which focuses on reducing negative impacts on the environ-
ment (eco-efficiency) (Ellen MacArthur Foundation 2013b). 
C2C design philosophy is founded on two premises (Persson 
2015), which are:

• Product design for durability, disassembly and refurbish-
ment. It involves the application of the principle of eco-
design where renewable materials replace non-renewable 
materials, toxic and hazardous materials are eliminated, 
and reuse of products is emphasised (McDonough and 
Braungart 2002).

• Modern circular and regenerative forms of consumption. 
It requires a shift towards a service-based consumption 
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model where buyers are now users (McDonough and 
Braungart 2002).

In C2C, all materials are considered as nutrients which 
could either be technical (e.g. metals, polymers and alloys) 
or biological (e.g. food or wood) where the former can be 
recycled or reused while the latter can be composted or con-
sumed (European Commission 2014a). To avoid complica-
tions off reuse and recycling processes, the components of 
technical and biological materials are not designed to inter-
act (Löfgren and Enocson 2014). However, these compo-
nents can be sorted for reuse, recycling and composting as 
necessary. The more products are recycled or reused, the 
less energy and raw materials are used—and less waste is 
generated. C2C also addresses energy and water inputs in 
addition to materials and “builds on three key principles: 
‘Waste equals food’, ‘Use current solar income’ and ‘Cel-
ebrate diversity’” (Ellen MacArthur Foundation 2013b, p. 
30). Conversely, Amelung and Martens (2008) criticised 
C2C as being a technical fix which concentrates on techno-
logical and material solutions while neglecting societal and 
cultural dimensions. Similarly, Reijnders (2008) argued that 
C2C could contribute negatively to the environment due to 
increased emissions from biological nutrients. These criti-
cisms reveal the deficiency in the concept and suggests the 
need for a concept that is holistically sustainable.

C2C provides leverage for the circular economy (Linder 
et al. 2017) and is a pre-requisite for it because it ensures 
products are manufactured for reuse or recycling (Persson 
2015). More so, Esposito et al. (2017) revealed that C2C is 
synonymous with circular economy. Therefore, C2C incor-
porated in the circular economy will prevent loss of valu-
able materials, reduce cost of production and manage waste 
and pollution as well as provide job opportunities ( Mira-
bella et al. 2014). As a sustainable concept, Geisendorf and 
Pietrulla (2018) argued that C2C can be applied to the built 
environment. C2C in construction emphasises use of renew-
able energy, reuse and recycling of materials. For instance, 
materials deconstructed from a building can be used in parts 
or as a whole in another building or they can be recycled.

Biomimicry

Biomimicry, an innovation approach that utilises nature’s 
systems, processes, elements, tested patterns and strategies 
in solving societal or human challenges (Andrews 2015). 
The term ‘biomimicry’ is a combination of two words, ‘bio’ 
(nature) and ‘mimicry’ (imitate), which simply means to 
imitate nature. Andrews (2015) described biomimicry as 
a concept imitating nature, where nutrients are obtained 
from the decomposed organic materials for future organ-
isms. Examples include: birds research to aid human flight 
(Ellen MacArthur Foundation 2013b) referred to by Benyus 

(1997) as “innovation inspired by nature” or good design 
inspired by nature (Pawlyn 2011). Therefore, biomimicry 
is an inspiration for designers. Biomimicry is dependent on 
three core concepts (Ellen MacArthur Foundation 2013b, 
p. 31), which are:

• “Nature as model”: Human problems are solved by imi-
tating the shapes, methods, structures and techniques of 
a natural model.

• “Nature as measure”: ecological criteria are used to 
determine the sustainability of innovations.

• “Nature as mentor”: teaches important lessons.

The concept of biomimicry has been criticised as a weak 
sustainability concept because it encourages biological pre-
tence rather than biological reality, and it employs technol-
ogy in achieving what nature achieves (Murray et al. 2017). 
However, it is very relevant to the concept of the circular 
economy because its objectives encompass sustainability 
(Benyus 2007) and has been referred to as an example of 
circular economy (Andrews 2015). Being a nature inspired 
design solution, it is relevant to the construction industry 
especially in architectural designs. Practical example of 
where it has been used is Beijing Olympic stadium inspired 
by natural bird’s nest. According to Pawlyn (2011), Bio-
mimicry in construction takes three forms—biomorphic, 
bio-utilisation and biophilia. Biomorphic involves direct 
mimicking of nature (e.g. design of building to look like a 
natural object such as leaf, ant or landscape); bio-utilisation 
encompasses use of natural objects to provide benefits such 
as comfort (e.g. use of trees to screen fenestrations); and 
biophilia suggests a form of bond between humans and other 
living beings (e.g. use of floras to create comforting environ-
ment) (Pawlyn 2011).

Regenerative design

Literally, the term “regenerate” means “create again” which, 
in the context of the circular economy, refers to the use of 
existing materials to create new ones. It is a process-ori-
ented systems theory developed in the late 1970s by John 
T. Lyle (Regenerative Leadership Institute 2015). Accord-
ing to Geisendorf and Pietrulla (2018), regenerative design 
relies on systems theory and closed-loop input and output 
models for the design of products and services. This system 
generates no waste by restoring, reusing and revitalising its 
sources of energy and materials which ensures that its output 
is greater than or equal to its inputs (Regenerative Leader-
ship Institute 2015). Lieder and Rashid (2016) argued that 
regenerative design can be achieved through biomimicry 
which is applicable in human habitation including buildings, 
urban environment, industry, social systems and econom-
ics. Therefore, regenerative design is aimed at developing 
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an effective collaboration between humans and other spe-
cies while waste materials are reintroduced into the system 
by creating a new product. Regenerative design is different 
from sustainable design in that the latter ensures products 
are designed to last long but does not regenerate or create 
new product (Regenerative Leadership Institute 2015). In 
the construction industry, it ensures buildings provide and 
enhance quality of life by providing better conditions and 
ensuring healthy relationships between the physical, built 
and environment. Likewise, it ensures better conditions, 
increased biodiversity and prevent environmental pollution 
(Nugent et al. 2016).

Blue economy system

The blue economy was initiated by Gunter Pauli (Ellen 
MacArthur Foundation 2013b). It depicts the future of 
mankind being a social structure that follows a systematic 
process whose name was derived from the earth’s sky and 
ocean’s blue colour in the absence of pollution (Pauli 2011). 
Kathijotes (2013, p. 8) described it as “the new system of 
ocean-based green economy that interweaves creative neo-
science and technologies with the ocean” which preserves 
the oceans by ensuring its sustainability. Similarly, Brein 
(2015) referred to it as an economic philosophy that derived 
knowledge from the formation, production and consump-
tion of the natural systems. Geisendorf and Pietrulla (2018) 
however argued that blue economy is not only economi-
cally viable but could solve societal issues by creating new 
job opportunities while protecting the environment thereby 
making it a sustainable approach. This was supported by 
Pauli (2010) who described blue economy as innovative and 
creative which promotes new business models by proffering 
scientific solutions to environmental problems through eco-
systems. The blue economy is based on twenty-one founding 
principles, with an increasing focus on gravity being the 
principal energy source. When applied to human challenges, 
it must ensure that solutions are determined by their local 
environment (Ellen MacArthur Foundation 2013a). Con-
versely, Geisendorf and Pietrulla (2018, p. 774) modified the 
21 basic principles of the blue economy into six principles 
(Blue Economy 2016), which are:

• It must be local.
• It should be efficient in terms of materials or resources.
• Systemic approach to the imitation of the natural envi-

ronment. For example, Algae house in Germany incor-
porates microalgae (living matter) into its design.

• Lucrative strategies by optimising and generating “mul-
tiple cash flows” (Blue Economy 2016, p. 1).

• Satisfaction of “all basic needs” (Blue Economy 2016, p. 
1).

• Creating change through an innovative culture.

Based on these principles, the blue economy has the 
potential to contribute to developing the circular economy 
concept. It has however been addressed as a vital source 
of inspiration and a concept that overlaps with the circular 
economy (Geisendorf and Pietrulla 2018). Blue economy’s 
contribution to construction is by protecting the ocean 
through sustainable activities while carrying out construc-
tion works such as boat and ship building, harbour develop-
ment and offshore wind farms on the ocean.

Performance economy

Stahel introduced the concept ‘performance economy’ in 
1986 and has been used interchangeably with ‘functional 
economy’ (CIRAIG 2015). According to Stahel (2010), per-
formance economy is driven by an emphasis on economic 
and quality usage and efficiency in use (not production); 
optimising existing stocks; selling goods as services and 
automatic profitability when material, waste, carbon and 
energy costs increase or labour costs decrease. Stahel dis-
closed that when this is apparent, high performance service, 
more jobs and greater value will be achieved.

Stahel (2010) claimed that the primary objectives of the 
performance economy are the extension of product lifecy-
cle, long-lived goods, reprocessing, resource conservation, 
increased wealth, job creation and reduction in resource 
consumption. He emphasised selling of goods as services 
because it is sustainable and preventative as the cost of risk, 
and waste is absorbed by manufacturers. He argued that a 
product-service approach would decrease environmental 
pollution resulting from the production and consumption 
of new products. Furthermore, Stahel emphasised that sell-
ing goods as services will integrate time, achieve highest 
resource efficiency and security, maintain ownership of 
material, exploit sufficiency and prevention as profit strat-
egies and lead to designs of new products for return and 
reuse of goods and components. Selling goods as services 
have been described as profitable and a competitive business 
model of the circular economy (Stahel 2010, 2013). With a 
focus on circularity through maximum use value (Geisen-
dorf and Pietrulla 2018), sustainability will be enhanced and 
products will have longer lifespan. Design is the bedrock of 
the performance economy and as such, it should be carefully 
considered to achieve desired results. Similarly, implementa-
tion of product-service systems requires a holistic approach 
to achieve success. Therefore, effectiveness (“doing the right 
thing”) of product design and implementation must be dis-
tinguished from efficiency (“doing them right”) (CIRAIG 
2015) to define stakeholders’ roles. Mont (2002) suggested 
that companies manufacturing products must change pro-
cesses and organisational structures while consumers must 
be willing not to own a product but to use its service. It is 
relevant to the construction industry in that it emphasises the 
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need to use a product’s service rather than owning the prod-
uct. For example, carpets may be leased to building occu-
pants while producers or manufacturers take responsibilities 
for its maintenance.

Eco‑efficiency

Eco-efficiency, a management philosophy coined in 1992 
(Willard 2002) refers to “doing more with less” (Braungart 
and McDonough 2009, p. 51), is described as an approach 
that reduces material toxicity, velocity and volume in the 
production process (Ellen MacArthur Foundation 2013b). 
It aims to reduce adverse environmental impacts result-
ing from manufacture and use of materials (McDonough 
and Braungart 2002) which allows for healthy competition 
among companies in minimising waste through reuse and 
recycling approaches. The major facets of eco-efficiency 
include minimisation of energy, waste, emissions, water and 
use of virgin resource; extension of operation and product 
life; incorporation of lifecycle principles; reuse and recy-
cling of end-of-life products and improved service speed 
(Srinivas 2015). Through these approaches, eco-efficiency 
contributes to environmental sustainability while achieving 
economic benefits resulting from lower production costs. 
As a result, Ghisellini et al. (2016) described eco-efficiency 
as a business concept which concentrates on environmental 
and economic dimensions of sustainability. However, it has 
been criticised for not resolving root problems with differ-
ent systems (Iung and Levrat 2014) and for neglecting the 
social dimension of sustainability (Ghisellini et al. 2016) 
but Ren (2007) suggested that eco-efficiency is a good indi-
cator to measure CE activities. In buildings, it relates the 
performance (e.g. indoor condition, service life, adaptability, 
safety, comfort, accessibility and usability) and conformity 
(e.g. location, space and service) with environmental pres-
sures (Häkkinen et al. 2002).

Eco‑effectiveness

Eco-effectiveness concentrates “on the development of 
products and industrial systems that maintain or enhance 
the quality and productivity of materials” (Braungart et al. 
2007, p. 1). It implies doing the appropriate things in 
terms of systems, services, products and materials rather 
than reducing inappropriate things (Braungart et al. 2007). 
Thus, eco-effectiveness is the alternative to eco-effi-
ciency. Ellen MacArthur Foundation (2013b) alleged that 
eco-effectiveness allows for strong association between 
products, their materials, environment and economic 
growth. This suggests that product design plays a vital 
role in achieving the change related to eco-effectiveness. 
Therefore, products should be designed to incorporate 
sustainability principles such as the life cycle concept of 

‘cradle-to-cradle’ suggested by Braungart and McDonough 
(2009). Furthermore, McDonough and Braungart (2008) 
observed that eco-effective designers widen their hori-
zons by considering the overarching purpose of products 
rather than their primary functions. They also reflect on 
products’ immediate and future goals, effects and systems 
(e.g. cultural, commercial and ecological). Several stud-
ies (Ellen MacArthur Foundation 2013b; McDonough and 
Braungart 2002) have found eco-effectiveness to positively 
integrate the environment, economic and social dimen-
sions of sustainability and as such, recommended it for the 
circular economy. In construction, it offers opportunities 
for manufacturers, suppliers and professionals to rethink 
material production, supply and consumption, respec-
tively. It also encourages use of materials with less envi-
ronmental impacts, sustainable supply chain management, 
sustainable consumption and sustainable construction via 
redesigning of the production and consumption systems.

Material passports

According to Gaspar, Juliào and Tjahjono (2018), lack of 
information about a product increases consumers’ doubt 
about its performance, value for money and reduces pur-
chase intention. Therefore, the need for consumers to has 
detailed information about products led to the development 
of material passports described by Merrild et al. (2016) 
as the link between physical elements and digital mod-
els. Product information may be transmitted to consumers 
in different ways by providing clear and comprehensive 
contents. For instance, D’Souza et al. (2006) suggested 
the use of environmental labelling which may consist of 
symbols or messages which communicate benefits and 
characteristics of products to consumers. In building con-
struction, Jones and Comfort (2018) referred to material 
passports as “electronic sets of data that describe those 
characteristics of building materials, products and product 
systems that enable value recovery from materials” (p. 
8–9). Material passports are gaining more attention among 
construction organisations due to their ability to provide 
supplementary information about the physical and chemi-
cal property of products. Future development of materials 
used and to be used, respectively, in their projects are also 
provided (Arcadis 2017). More so, all available materi-
als and resources stored in the material bank (a resource 
library for materials) may be tracked and reused (Minunno 
et al. 2018). Therefore, materials and resources recorded 
can be disseminated across stakeholders in the industry 
(Jones and Comfort 2018). This concept supports the cir-
cular economy by providing information about materials 
and resources which makes the application of circular 
economy principles effortlessly.
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Reverse logistics

Reverse logistics (RL), also known as green recycling (Ying 
and Li-jun 2012), are the opposite of conventional logis-
tics which deals with how products or goods are conveyed 
to consumers. RL is about how used or damaged products 
are returned to the producers or manufacturers. De Brito 
and Dekker (2004, p 5) described RL as “the process of 
planning, implementing and controlling backward flows of 
raw materials, in process inventory, packaging and finished 
goods, from a manufacturing, distribution or use point, to a 
point of recovery or point of proper disposal”. As shown in 
Fig. 2, products returned by consumers can be re-introduced 
in a reverse direction of the manufacturing process. Addi-
tional processes such as refurbishing (Ravi et al. 2005) and 
remanufacturing (Kim et al. 2006) may be included in the re-
introduction of products, depending on the level of damage.

Aside from preventing the environmental pollution asso-
ciated with reverse logistics, economic gains resulting from 
maximal recycling of materials (Ying and Li-jun 2012) and 
efficient customer relationships via return policies and stable 
customer base (Geisendorf and Pietrulla 2018) are tenets 
of RL which position it as a sustainable concept. The chal-
lenges of RL are embedded in returns management in rela-
tion to customer retention (Daugherty et al. 2002) and asset 
tracking and recovery management (Esposito et al. 2017). 
Although, these challenges may pose a threat to circular 
economy, the main goal of RL is to close the loop of prod-
uct lifecycles which is vital to the circular economy concept 
(Le Moigne 2014). It is quite relevant to the construction 
industry in a manner that it encourages reuse and recycling 
of materials (e.g. off-cut of reinforcement bars) which can 
be returned to the manufacturers.

Zero emission

Three phases are involved in controlling and reducing emis-
sions from industrial production (Srinivas 2015). They are:

• End-of-pipe treatment—application of technologies to 
clean up emissions after they have been generated (Srini-
vas 2015).

• Cleaner production—application of techniques and strat-
egies at the production stage to avoid pollution, reduce 
costs and prevent risks (Srinivas 2015).

• Zero emissions—involves alteration of production tech-
nologies and strategies to reduce resource inputs and 
consumption (Srinivas 2015).

According to Pauli (1997, 2010), the concept of ‘zero 
emissions’ describes an industrial system where all mate-
rial inputs are used by emulating natural cycles. As an 
industrial process, it advocates a shift from traditional 
models associated with waste to a more integrated systems 
where materials are used extensively (Song et al. 2015). 
Zero emission, when addressed from the environmental 
point of view, aims to proffer solutions to pollution ema-
nating from industrial production by eliminating waste. 
This may be achieved through a zero emission strategy 
(Figge et al. 2014) which ensures optimal use of materials 
to maximise their value while preventing environmental 
pollution. Materials in a zero-waste system are circular 
indicating that they are used multiple times until they 
reach their end-of-life which implies their effective utili-
sation (Murphy and Pincetl 2013). From a business per-
spective, zero emission presents competitiveness among 
companies. For instance, productivity in terms of labour, 
capital and raw materials vary. However, they are expected 
to create jobs and revenue by minimising resources and 
consumption. The zero emissions concept has been applied 
by several businesses such as Toyota, Fuji Xerox, NEC, 
Epson and Hewlett Packard (Greyson 2007; Matete and 
Trois 2008). Therefore, industries would have to re-
organise their production systems to allow for resource 
effectiveness and efficiency. In construction, it involves 
application of strategies that will ensure continuous use of 
material waste to prevent environmental pollution.

Fig. 2  Reverse logistics.  
Source: Adopted from Findlow 
(2016)
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Permaculture

The term "permaculture" is described as "the conscious 
design and maintenance of agriculturally productive ecosys-
tems, which have diversity, stability and resilience of natural 
ecosystems" (Ellen MacArthur Foundation 2013b, p. 31). 
It is a social system that encompasses all aspects of human 
living such as food, shelter, water and climate. Its branches 
include: environmental design, ecological design and engi-
neering, construction and integrated water resource manage-
ment, all of which transform into sustainable agriculture, 
sustainable architecture, regenerative and self-maintained 
habitats (Mars 2005). It draws elements from traditional sus-
tainable agriculture, agroforestry, conservation agriculture, 
organic agriculture, sustainable livestock management, agro-
ecology and modern innovations and principles (Ellen Mac-
Arthur Foundation 2013b) and ensures that recycled materi-
als are used in preference to new materials in construction 
based on the fact that they are relatively cheap building prod-
ucts (Regenerative Leadership Institute 2015). Overall, per-
maculture infuses natural building and agriculture into a sin-
gle human eco-system by ensuring that human activities do 
not have negative impacts on the environment (Regenerative 
Leadership Institute 2015). Its implication for construction 
is that the balance of natural ecosystem or living organisms 
should be uninterrupted due to construction activities. In 
addition, damages to existing natural system resulting from 
such activities should be rebuilt or re-established.

Natural capitalism

Natural capital is the global inventory of natural resources, 
including water, air, minerals, geology, soil and other species 
that make life possible (Srinivas 2015). For instance, the soil 
produces food while plants are used for several other things 
such as medicine, fuel and building materials. According to 
Hawken et al. (2013), natural capitalism through the adop-
tion of new technologies in product design, aims to increase 
the lifespan of resources and productivity of natural capital. 
Businesses may reinvest in natural capital using their sav-
ings which would promote regeneration of natural resources. 
Similarly, Hawken et al. (2013) suggest that waste should 
be eliminated through closed-loop production that is bio-
logically motivated by returning them into the ecosystem or 
reusing them as raw material for another product. This posi-
tions natural capitalism as an environmentally sustainable 
concept by preventing environmental pollution. To achieve 
socio-economic sustainability, Hawken et al. (2013, p. 134) 
advised that the common sale-of-good model (an exchange 
of goods between seller and buy at an agreed price) should 
be substituted for a “service-and-flow” business model 
which increases resource productivity while offering great 
value to customers (Maxwel et al. 2006). Natural capitalism 

has the capacity to contribute to achieving sustainability 
which makes it an important concept of the circular econ-
omy. Its application within construction sector suggests 
that through the adoption of eco-design principles, building 
materials can easily be disassembled and reused.

Extended producer responsibility

Thomas Lindhqvist introduced the concept, ‘extended 
producer responsibility’ (EPR) in Sweden in 1990 and 
described it as “an environmental protection strategy to 
reach an environmental objective of a decreased total envi-
ronmental impact of a product, by making the manufacturer 
of the product responsible for the entire life cycle of the 
product and especially for the take-back, recycling and final 
disposal” (Lindhqvist 2000, p. ii). Responsibilities for prod-
ucts from inception (i.e. material sourcing and production) 
to completion (i.e. recycling or disposal) are entrusted to 
producers within the EPR framework. EPR encompasses 
ownership, economic responsibility, liability, informative 
responsibility and physical responsibility with ownership 
being the overarching variable (Lindhqvist (2000) cited in 
CIRIAG (2015)). Ownership of products therefore suggests 
producers’ liability throughout the lifecycle of products and 
producers are expected to take actions to prevent waste. The 
OECD (2016) claimed that shifting product responsibility to 
producers and providing them with incentives to encourage 
eco-design of products are the main features of EPR. More 
so, the incentives are to encourage the application of the 3R 
principles on products including disposal of waste.

EPR has been described as a concept consistent with the 
"polluter pays principle" (Ghisellini et al. 2016; Lindhqvist 
2000) and as an economic tool that ensures products and 
materials flow in circularity (Manomaivibool and Hong 
2014). According to the OECD (2016), initiatives such as 
innovative disposal fees, take-back schemes, return and earn, 
standards and a mix of downstream subsidies and upstream 
taxes are instruments used to shift product liability to pro-
ducers. Though EPR has the capacity to reduce waste, it has 
been criticised for its lack of influence on eco-design and 
redesign of products as well as lack of materials choice and 
reduction of toxins (Lifset et al. 2013). However, it is an 
important aspect of cleaner production which is one of the 
core areas of the circular economy.

Applications of the circular economy pillars 
to the construction industry

Characteristics of the circular economy concept can be sum-
marised to include environmental protection, closing the 
loop, resource efficiency, design and service model (Geisen-
dorf and Pietrulla 2018). However, these characteristics can 
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indeed be adapted to the construction industry to enhance 
performance, competitiveness and sustainability. Table 1 
reveals how each pillar ranks across the five characteristics 
of the circular economy concept. It can be deduced from 
the results that all the pillars share at least one similar char-
acteristic of the circular economy, which further confirms 
their relationship. The pillars exhibiting only one out of the 
five characteristics are considered to have a weak relation-
ship, while those with two, three and four characteristics are 
deemed to have strong, stronger and strongest relationships, 
respectively. This implies that the contribution of each pillar 
to make up the circular economy concept varies. Nonethe-
less, they are all important and applicable to the construction 
industry. Table 1 provides a summary of the potential con-
tributions of the circular economy pillars to the construction 
industry. It is evident from the findings that all pillars can 
provide environmental protection. In addition, seven (50%) 
of the pillars can improve reuse and recycling, while six 
(42.8%) can ensure resource efficiency. Three (21.4%) of the 
pillars can contribute to the design of products or materials, 
while the remaining two can be adopted for service model. 
The subsequent sections offer a detailed description of how 
the characteristics of the circular economy concept contrib-
ute to the construction industry.

Environmental protection

It is evident that all circular economy concepts offer prior-
ity to the environment and are driven by the need to reduce 
environmental degradation, such as pollution. Though the 
construction industry is struggling to reduce its carbon 

footprint from waste-generating activities and materials, 
application of the circular economy pillars would not only 
reduce waste but encourage the use of renewable materials, 
thus lowering the negative environmental impact. One of 
the potential reasons for considering, adopting and imple-
menting circular economy in the construction industry is 
its environmental impacts, which has been regarded as a 
novel solution (Persson 2015). The construction industry 
is material and process-oriented, which indicates that a 
large amount of materials (renewable and non-renewable) 
are consumed in a project. With the adoption of the cir-
cular economy, non-renewable resources such as fossil, 
water, minerals and fuels can be conserved; environmen-
tal impacts can be reduced through efficient material and 
energy use including less water discharge; use of toxic 
materials can be avoided; local ecosystems can be recov-
ered; and the lifespan of landfill can be extended (Geng 
et al. 2012). By using renewable sources of energy, the cir-
cular economy will minimise input–output flow of virgin 
materials thereby reducing emissions and waste (Korhonen 
et al. 2018). In addition, an expected decline in the use of 
virgin materials for industries including construction and 
automotive by 32% and 53% by 2030 and 2050 was pre-
dicted by the Ellen MacArthur Foundation and McKinsey 
Centre for Business and Environment in 2015. This sug-
gests an imminent decline in environmental degradation as 
a result of industrial activities. More importantly, adoption 
of the circular economy pillars in the construction industry 
can minimise material waste (European Commission 2017; 
Ghisellini et al. 2016; Lieder and Rashid 2016); save costs 
(Moon and Holton 2011); enhance resource efficiency 

Table 1  Characteristics of the circular economy pillars

Circular Economy Pillars Environmental 
protection

Closing the loop (Reuse 
and Recycling)

Resource 
efficiency

Design Service model Rating 
(out of 
5)

Industrial ecology ✓ ✓ ✓ 3
Cradle to cradle ✓ ✓ ✓ 3
Regenerative design ✓ ✓ ✓ 3
Eco-efficiency ✓ ✓ ✓ 3
Eco-effectiveness ✓ ✓ ✓ ✓ 4
Reverse logistics ✓ ✓ 2
Zero emissions ✓ ✓ ✓ 3
Natural capitalism ✓ ✓ ✓ 3
Biomimicry ✓ ✓ 2
Performance economy ✓ ✓ 2
Blue economy ✓ 1
Permaculture ✓ 1
Extended Producer Responsibility ✓ 1
Material passport ✓ 1
Contributions (%) 100% 50% 42.8% 21.4% 14.3%
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(Jones and Comfort 2018; Korhonen et al. 2018; Prieto-
Sandoval et al. 2018); reduce environmental pollution 
(Jawahir and Bradley 2016; Prieto-Sandoval et al. 2018); 
improve eco-efficiency (Yuan et al. 2006); prevent envi-
ronmental poverty (Zhijun and Nailing 2007); and enhance 
energy efficiency (Ghisellini et al. 2018; Korhonen et al. 
2018). In lieu of the positive environmental impacts of 
the circular economy pillars, it is therefore expedient that 
construction professionals understand them, identify those 
that are suitable for their projects and establish ways of 
implementing them.

Closing the loop

In the construction industry, circular economy pillars such 
as IE, C2C, regenerative design, eco-efficiency, eco-effec-
tiveness, reverse logistics and zero emissions can enhance 
closing material loop by reuse and recycling. Closing the 
loop implies that no material is left hanging in the cycle. 
Several authors (Allwood et al. 2012; Brown and Burana-
karn 2003; Stahel 2016) have considered material reuse as 
a key approach for closing the loop. Likewise, recycling of 
products or their component parts could ensure their con-
tinuous use over time. This would enhance material recovery 
and maximise the product value. In construction, a whole 
building and its components parts can be reused as noted 
by Al-Obaidi et al. (2017). Most construction materials 
(e.g. steel, concrete, aluminium and wood) can be recycled 
at the end of their useful lives suggesting that recycling is 
important in closing the material loop. Repair and refur-
bishment of materials can also be considered in ensuring 
closed loop. Broken materials or structures can be repaired 
while old materials can be restored. More so, a complete 
building can be restored as revealed by Vilches et al. (2017). 
Aside closing the material loop, repair, reuse and recycling 
of materials could also be effective in energy savings. For 
instance, Ng and Chau (2015) found that material reuse and 
recycling could save 6.22% and 54% of embodied energy, 
respectively. Prefabrication of materials or component parts 
can be a veritable approach in closing material loop in the 
construction industry. With prefabrication, building compo-
nents are produced off-site and are assembled on site. This 
allows for appropriate inventory of materials (Minunno et al. 
2018) and waste materials emanating from the production 
process can be returned into the system thereby ensuring no 
material leftovers. Therefore, it is important that materials 
or products are designed for ease of conversion, reuse and 
recycling. This would reduce the amount of waste that are 
sent to landfill. The implication is for construction profes-
sionals to incorporate into their design the circular economy 
pillars identified to enhance closing material loop in their 

design and to ensure that durable materials are specified for 
construction projects.

Resource efficiency

As shown in Table 1, C2C, IE, zero emissions, eco-effi-
ciency, eco-effectiveness and natural capitalism are circular 
economy pillars that can improve resource efficiency. Ness 
(2008) observed that resource efficiency entails reducing 
resources while maintaining simultaneous improvements 
in both economic and social dimensions. It is an impor-
tant concept for the circular economy because it focuses 
on the longevity of products (Persson 2015), which allows 
for reuse and recycled without losing value. Therefore, the 
goal of resource efficiency in the circular economy concept 
is to bring diverse actors or stakeholders to work together 
on reducing resource input in a production system. As a 
result, this concept contributes to achieving sustainability. 
In construction, resource input may be reduced when differ-
ent actors work together. For example, supervisors closely 
monitoring operatives could ensure materials are not used 
in excess of what is required. Similarly, contractors work-
ing closely with sub-contractors to ensure effective use of 
materials. During procurement of materials, construction 
professionals can work with suppliers and manufacturers 
to ensure resource efficiency in the production line. Con-
versely, green supply chain management can be employed to 
enhance resource efficiency in construction due to its ability 
to reduce pollution (Ying and Li-jun 2012). Since the con-
struction industry relies heavily on material, the success of 
the circular economy pillars identified to enhance resource 
efficiency would depend on whether material waste is seen 
as a resource. Therefore, it is important for construction pro-
fessionals to understand that products and their components 
are resources that may become raw materials for another 
product or industry.

Design

Biomimicry, regenerative design and eco-effectiveness 
are the circular economy pillars that can contribute to 
design as shown in Table 1. The goal of these pillars when 
implemented in construction is to design out waste, which 
can be achieved if building materials were designed to be 
durable, reused and recycled (Andrews 2015) and con-
struction projects designed to be deconstructed (Desai 
and Mital 2005). By designing buildings with durable 
materials and high-quality specifications, their longevity 
can be increased, which in the long run would decrease 
maintenance cost (Rizos et al. 2017). The Ellen Mac-
Arthur Foundation (2013a) outlined some design condi-
tions for consideration during design, including design 
for durability, design for easy end-of-life sorting, design 
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for ease of manufacturing, material selection, separation 
of materials for reuse and use of standardised compo-
nents. In addition, design strategies such as design for 
off-site construction, design for material optimisation, 
design for waste-efficient procurement, design for flex-
ibility and deconstruction, design for reuse and recovery, 
design for product attachment and trust, design for prod-
uct durability, design for standardisation and compatibil-
ity, design for upgradability and adaptability and design 
for disassembly and reassembly (Bakker and Hollander 
2013; Esposito et al. 2018) have the capability to extend 
the lifespan of products and ensure their circularity in 
the construction industry. These design strategies can 
stem waste generation and improve resource efficiency. 
Therefore, it is important for designers (architects and 
engineers) to not only consider aesthetics and function-
ality but rather, consider the end-of-life of the product 
when designing. Furthermore, design techniques for 
waste minimisation should be considered throughout 
the design cycle. Understanding the specific CE pillars 
(biomimicry, regenerative design and eco-effectiveness) 
could assist designers in developing strategies to achieve 
circularity in design.

Service models

As shown in Table 1, natural capitalism and performance 
economy are two key circular economy pillars that priori-
tise product as a service rather than product ownership. 
Product as a service (PaaS) is a model that is applica-
ble to the construction industry. In this model, building 
components such as doors and windows can be offered 
as a service to clients, which indicates that clients have 
no responsibility for its maintenance. This is contrary to 
the common ownership model where the client owns the 
building and its components. In PaaS model, the liability 
lies with the company offering the components as a ser-
vice, thereby taking full responsibility for maintenance and 
replacement of worn out parts. According to Rizos et al. 
(2017), implementation of the PaaS model can be through 
performance agreements, lease, rentals and pay-per-use. 
Zuidema (2015) noted that building components and parts 
can be leased or rented, which further stressed the PaaS 
model as a suitable for the construction industry. The pro-
ducer takes responsibility for improving product quality, 
performance and value (Gregson et al. 2015). This could 
save construction costs and minimise resource extraction 
and in the long run, reduce environmental footprint of the 
industry. The PaaS model would encourage development 
of durable products and materials. This implies the need 
for the industry to encourage a shift from the current own-
ership model to the PaaS model. Therefore, it is important 

for construction professionals to explore several ownership 
and service models to further understand their applicabil-
ity in the industry.

Conclusion

This study has identified 14 pillars of the circular econ-
omy concept and their potential application to the con-
struction industry. It discussed concepts including indus-
trial ecology, cradle to cradle, biomimicry, regenerative 
design, blue economy system, performance economy, eco-
efficiency, eco-effectiveness, material passports, reverse 
logistics, zero emission, permaculture, natural capitalism 
and extended producer responsibility. The study indicates 
that the contribution of each pillar to the circular econ-
omy concept varies and are categorised as weak, strong, 
stronger and strongest relationship. This paper reveals that 
all the concepts can mitigate pollution thereby ensuring 
environmental protection, which is vital for the construc-
tion industry. Through reuse and recycling of materials, 
the C2C, eco-efficiency, zero emission, reverse logistics, 
regenerative design and IE can enhance closing the mate-
rial loop. Resource efficiency in the construction industry 
can be achieved through the circular economy pillars such 
as zero emission, eco-effectiveness, natural capitalism 
eco-efficiency, IE and C2C, if material waste is seen as a 
resource. In addition, Biomimicry, regenerative design and 
eco-effectiveness can reduce waste through design if they 
are incorporated early in the design phase. While natural 
capitalism and performance economy prioritise product 
ownership, they can enhance the production of durable 
products or materials. The study revealed the need for the 
construction industry to devise means of incorporating 
the circular economy pillars into activities ranging from 
design to actual construction. This could ensure that the 
environmental degradation commonly associated with con-
struction activities are duly considered and minimised in 
the process. In addition, the key implication of this study 
is for construction professionals to update their knowledge 
base on the circular economy pillars through further train-
ing. It is assumed that the adoption and application of the 
circular economy pillars in construction activities can be 
strengthened by understanding their potentials. Overall, 
the contribution of this study is that it summarises the 
pillars of the circular economy concept and identifies the 
level of knowledge on their implementation in the con-
struction industry. This study has some limitations, which 
offer perspectives for future research. Firstly, the study 
did not specify how and when to apply the concept in the 
construction industry. Therefore, future study may focus 
on the application of the concept from the pre-construction 
to post-construction phases. Secondly, the study is limited 
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in its comparison of the circular economy pillars. Future 
studies may compare the circular economy pillars in 
order to evaluate the appropriate concepts for each phase 
of construction. Lastly, the study lacks a framework and 
strategies for the implementation of the circular economy 
concept in the construction industry. Future study efforts 
should concentrate on the development of a framework for 
the identification of suitable concepts. Also, appropriate 
strategies for implementation at different phases of con-
struction may be explored.
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