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How to convince players in construction market?
Strategies for effective implementation of
circular economy in construction sector

Jarostaw Goérecki'*, Pedro Nufez-Cacho?, Francisco Antonio Corpas-Iglesias® and

Valentin Molina®

Abstract: Excessive and progressive industrialization is creating significant eco-
nomic gaps, whereas large quantities of natural resources are used, and a lot of
waste is created. Circular Economy (CE) aims to convert the so-called linear econ-
omy paradigm. Changes in legal regulations, business models, and construction
methods are necessary for an effective CE implementation. This article aims to
attract the attention of key players of the construction sector to a phenomenon of
the CE. Basic conditions, a company should meet to perform an effective transfor-
mation towards the CE, were described. A hybrid, qualitative-quantitative metho-
dology was used to research. First, a literature review is performed to describe

a specificity of the construction industry and features of the construction companies
in Poland. Second, a conceptual framework is developed to describe emerging CE
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business models. Third, a simulation-based analysis is developed to check

a propensity of the construction companies to implement the CE and enhance its
meaning in different types of economies. Finally, underlying a company’s condition
as a factor of propensity to implement the CE, it must be noted that stable
economies show higher predictability and therefore are more likely to implement
principles of the CE than unstable ones. It is concluded that the European
Commission should implement new rules, based on promoting closed-loop econ-
omy principles, for partnership agreements on the European structural and invest-
ment funds in the future. Especially the recommendations given in the article
constitute an important contribution of the authors to the development of knowl-
edge about CE in the construction sector.

Subjects: Environmental Studies & Management; Environment & Business; Environment &
Economics; Environmental Change & Pollution; Civil,Environmental and Geotechnical
Engineering

Keywords: Circular economy; construction industry; project stakeholders; organizational
behaviour; @Risk

1. Introduction

Sustainability, which has been getting more and more significant, is basically aimed at addressing
environmental, and socioeconomic issues of the present and future generations (Hopwood, Mellor,
& O’Brien, 2005; Witjes & Lozano, 2016). It is considered as a way to understand the world as
a complex interaction between socio-economic, environmental, and political systems. Besides, it is
called as an ethical or normative view of the world, convincing us to have a holistic view of what
a good society should be (Sachs, 2015; Scheel, 2016).

Certainly, due to progressive resource scarcity, there is a global and increasing concern of the
businesses about environmental issues. Also, a series of challenges related to the environment, are
affecting not only the current development of business but also the future of the entrepreneurial
activity. Generally, the exponential growth of certain key indicators is noticeable. The concentration
of CO, in the atmosphere, as well as energy, water, minerals, and natural resources demand (Reh,
2013), are those parameters that should worry the most. There is indisputable evidence for the
environmental impact of the human activity, found in, still, huge consumption of non-renewable
resources and in a generation of contaminant residues. A reduction of freshwater reserves or
pollution of the atmosphere by emissions of greenhouse gases, acid rain, and destruction of the
ozone layer, are all hazards that are sad signs of the unsustainable behaviour of people. Although
European air quality legislation has reduced emissions of air pollutants across Europe since the
1970s (Turnock et al,, 2016), the means are not sufficient. For example, according to OECD data
a mean population exposure to particulate matter (PM 2.5), causing heavy health problems, is steady
in many countries for years. Comparing 1999 and 2015 in Poland the variable was 23,64% and
23,45% whereas in Spain: 12,00% and 12,29% (OECD, 2018). So, the reduction of harmful pollutants
since the 1970s results mainly from closing the most polluting, and at the same time the least
profitable factories, especially in Central and Eastern Europe, but not from effective policies.

The most visible proof of human’s activity on the planet is the construction industry. Along with
all accompanying outcomes (buildings, infrastructure etc.), it becomes one of the most significant
traces of our existence on earth (Ortiz, Castells, & Sonnemann, 2009; Stephan & Athanassiadis,
2017). Unfortunately, it usually means consuming unrenewable resources, generating waste and
emitting harmful gases (Esa, Halog, & Rigamonti, 2017). Conventional building construction man-
ifests small recycling rate of used resources (Wadel, Avellaneda, Cuchi, & Cuchi, 2010). All these
problems are pressing the sector to look for assessment (Ritzen, Haagen, Rovers, Vroon, & Geurts,
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2016) and reducing the environmental impact (Lieder & Rashid, 2016). It seems that there is no
other way than the urgent implementation of increased efficiency strategies that would help in
maintaining or increasing the economic values and at the same time could reduce the environ-
mental impact (Braungart, McDonough, & Bollinger, 2007).

It is expected that environmentally friendly technologies for erecting buildings, such as Contour
Crafting Technology, will gain popularity in the future. The CC-technology-based automatic building is
considered as a solution to bring rational benefits such as hardworking reduction, cost decrease,
architectural flexibility improvement, and environmental positive effects (Khorramshahi & Mokhtari,
2017).

Development of the information technology (IT) should be also noted, especially building
information modelling (BIM), as a virtual representation of the structure of building processes
throughout the life cycle of buildings, which can be used in pro-environmental activities. The BIM
model can be extended with new dimensions—nD perspectives (sustainability, energy, facility
management, etc.) (Hasan & Rasheed, 2019).

However, the reality is more complex because there is much waste being produced during the life
cycle of the construction projects (Blengini 2009), but on the other hand, few conceptions how to utilise
it? Furthermore, limited resources force us to develop new technologies in waste recovery. They
become useful when they convert outputs of the production system into some new inputs. In other
words, the perfect system can be summarised by the following continuous cycle: recycling—manu-
facturing—use—recycling (Wadel et al., 2010). Therefore it is obvious that the Circular Economy (CE)
can be treated as a production sustainable model, especially relevant for the construction industry.
Unfortunately, very few CE-related-construction Life Cycle Assessment studies are found in the
literature (Hossain & Ng, 2018). Fortunately, an important problem of how to measure the application
of the CE principles in the construction sector is already solved (Nufez-Cacho, Gérecki, Molina, &
Corpas-Iglesias, 2017). However, there are still some issues that need to be recognised: legal regula-
tions and social aspects, innovative technologies, new structures for construction projects, modified
management frameworks of construction companies, principles of cooperation between project
stakeholders etc. Therefore, governments, scientists, businessmen along with societies should develop
a collaborative strategy for a sustainable world (Stigson & Stigson, 2015).

A practical implementation of the CE idea requires an interest of potential buyers of used or
processed elements in particular phases of the building life cycle. Therefore, it is required to invite
them to the communication system of the construction industry, where communication is man-
aged by channels in all the organizations and their departments or sections. They are responsible
for disseminating the related information to formulate a complete communication system (Gamil
& Rahman, 2017).

Therefore, the research questions are:
RQ1: How should construction companies get ready for implementation of the CE?
RQ2: What is their current potential for investing in new, more ecological solutions?

RQ3: What is a propensity of the contractors to perform a transition towards the Circular
Economy era?

This paper is divided into five sections including this introduction. In the second section, we present
the theoretical framework, based on Industrial Ecology and concepts of Circular Economy. Next,
the construction industry is featured, analysing the financial aspect of these organizations. The
third part shows the degree of implementation of the Circular Economy in the Polish construction
industry, and the new business models that has been generated with these new ideas about CE
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Figure 1. Graphical explanation

of the research methodology.

and sustainability- In the fourth part it is implemented a study of the propensity of building
industries to implement and the fifth section presents and discusses the results, offering the
conclusions drawn from the work—as well as suggestions for future research.

2. Material and methods

The research was aimed at providing a holistic overview of strategies for effective implementation
of the Circular Economy in the construction sector by bringing three aspects into a multidisciplinary
approach. The first question gave grounds for the elaboration of model readiness to implement the
CE in a construction company. The second problem concerned the potential of the company for
investing in CE-based innovations, whereas the third one included a level of the propensity of the
contractors to perform a transition towards the CE.

In the initial stage, the purpose of the literature review was defined as linking the theory of
industrial ecology, and sustainable construction with a concept of the Circular Economy. The
selection stage depended on a literature review which was conducted using Scopus and Web of
Science. Then, the National Court Register (NCR) in Poland was explored in order to extract data of
1485 random cases of construction companies which were skipped to the next phase of evalua-
tion. Then, in order to describe features of the construction industry, the most significant Polish
contractors’ webpages were analysed to find two keywords, so crucial for the paper: “sustainable
development” and “Circular Economy”. Some alternatives were allowed, such as: “sustainability”,

” o«

“circularity”, “economy with closed-loop” along with their Polish equivalents.

In the evaluation stage, an analysis of the data set from the NCR and five websites was
conducted.

Moreover, computational analysis of the company overall condition, treated as a determinant of
the successful implementation of the CE principles, was performed with use of @Risk, popular
Monte Carlo simulation software.

The following block diagram (Figure 1) explains the research methodology proposed in the
article.

3. Theoretical framework and state of the question

3.1. Theoretical framework: linking the theory of industrial ecology and sustainable
construction

Industrial ecology is the study of the flows of materials and energy through industrial systems.
Focusing on the connections between operators within the industrial ecosystem, this approach

i i g Exploration of National Court
Initial stage: literature feview Final result of the review: 81 Register database (financial
(Scopus and Web of Science + [ icles book d .

opular Web search engine) articles, books and reports data, construction sector,
p companies of different trades)

Review of the most significant
Extraction of data from 1485 Polish contractors’ webpages Moiits Carlo Slations of th
random cases of CONStruction fem—p (keywords: “sustainable O O o
Z o prein company's overall condition
companies development” and “Circular
Economy”)
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aims to create closed-loop processes in which waste serves as input to another process, eliminat-
ing the notion of an unusable by-product (Clift & Allwood, 2011).

The theory of industrial ecology presents a synthesis of assumptions, concepts and propositions of
ecology in various disciplines and the general theory of the system, being useful to describe and
explain not only the interactions that occur within industries but also their transactions with the
environment environmental. The perspective is based on science but applies principles, methods and
results to daily activities (Bubolz and Suzanne Sontag 1993). For this reason, we believe that it is an
optimal vision to analyse the construction industry. This theory refers to the “creation, use and
management of resources for adaptation, human development and the sustainability of environ-
ments”, focusing on the interactions between the construction industry and the environment.

The theory of Industrial Ecology, current predecessor of the Circular Economy (Blériot, 2013) is based
on three postulates: Firstly, the construction industry interacts with its environment creating an
ecosystem, in which, according to the theory of systems, the parts and the whole are interdependent
The interactions that occur within this ecosystem are guided by physical, biological and social laws.
The industry continually requires matter and energy from the ecosystem. Second, the construction
industry performs functions of physical, biological and economic maintenance, for its members, for
itself and for the common interest of the entire system. In this way, this theory has a powerful value in
examining these functions at different levels and their relationships among them over time. Third,
there is an interdependence between the construction industry and resources. Therefore, the ecolo-
gical wealth depends on the decisions and actions taken by the construction industry itself.

Therefore, the industrial ecology adopts a systemic point of view, designing production processes
according to ecological constraints, while looking at their global impact from the beginning, and tries
to give them shape so that they can be carried out as close as possible to the systems alive This
framework is sometimes called “science of sustainability”, because of its interdisciplinary nature and
because its principles can also be applied in the services sector. With an emphasis on the restoration of
natural capital, industrial ecology also focuses on social well-being (Clift & Allwood, 2011).

Therefore, the well-being of this industry cannot be separated from the well-being of the whole
ecosystem (Brown, Flavin, & Postel, 1989) being necessary to strike a balance between the
demands of the ecosystem and those of individual industries.

In the construction industry, environmental risk is particularly evident. Many activities under
processes carried out throughout the entire building life cycle have a negative impact on the
environment. Therefore, there is a visible need for searching for ways to transform a traditional
building process into a sustainable one (Hazem & Breesam, 2019).

A reduction of the environmental risk level in construction processes is conditioned by an
increase of the ecological culture inspired by implementers of these processes. Such an idea can
be compared to the safety culture in organizations (Tehrani, Rezaifar, Gholhaki, & Khosravi, 2019).

Decision making is the central process through which the construction industry directs its
actions to achieve its objectives. Together, the decisions and actions of this industry have an
impact on society, culture and the natural environment. This impact is called negative externality
(NURez-Cacho, Molina-Moreno, Corpas-Iglesias, & Cortés-Garcia, 2018). An ecological transition
occurs when a person’s position in the ecological environment is altered as a result of a change
in role, on stage, or both (Bronfenbrenner, 1979).

3.2. Concept of circular economy

Circular Economy refers to an industrial economy that is restorative and regenerative by intent and
design (Blériot, 2013; Lieder & Rashid, 2016). It is intended to rely on renewable energy, minimize
the use of energy, eliminates the use of toxic chemicals and wastes eradicated through careful
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design. The main feature of CE is that the production system is regenerative of inputs used,
diminishing the negative externalities of the process. In a generic term, it could be said that is
regenerative by design. Furthermore, the main energy during production is renewable, looking for
the reduction of chemical waste. The concept is supported by several key factors. Thus, to sell the
use of the products and not the material, so, the consumer just use the product and the supplier is
responsible to recycle the material. Customers can purchase the use as a service, and when the
product becomes obsolete, recovers and renews. In such sense, reuse is a symbol of good
management. The 3R principle (reduce, reuse and recycling) contributes to reducing the press
over the global resources stock (Reh, 2013). According to Walter Stahel (Stahel, 2013) in the past,
reuse was a strategy shortage and poverty. Today, they are signs of efficient management of
resources.

There are several factors determining the success of the Circular Economy. Modularity, versatility and
adaptability are the mostimportant properties of products or systems enabling them to be a part of the
production chain (Seebacher & Winkler, 2013; Wiendahl et al., 2007). Production systems, owing to new
technologies developed through the transfer of function from biological systems (Lepora, Verschure, &
Prescott, 2013), can become more sustainable. One of the major challenges of biomimetics
(Gebeshuber, Gruber, & Drack, 2009) includes translating the natural life cycle into a technological
situation. The theory “cradle to cradle” is an important theme of Circular Economy, as it tries to imitate
nature imitating the biological recycling process, but with industrial materials (Blériot, 2013). However,
it is necessary to analyze both, processes and products that can be bio-mimicked.

3.3. Featuring construction enterprises: financial profile

Use of new material solutions (product innovations) often requires changes at a process level
(process innovations). Adaptation of enterprises to new, previously unused, rules of conduct in
business, among others in the field of resource management, including material and energy flow,
as well as waste recovery, requires finding new organizational methods (organizational innova-
tion). However, these types of innovation can be treated as “traditional” or green innovations. The
latter, on the other hand, can be defined as the products and processes that contribute to
a reduction of environmental impact or to achieve ecologically specified sustainability targets
(Arfi, Hikkerova, & Sahut, 2018). Such changes lead to the birth of innovative business models,
also known as circular business models which require inter-organizational sustainability manage-
ment (Korhonen, Honkasalo, and Jyri 2018). On the other hand, an implementation of the CE in
companies, treated as a systemic innovation, is conditioned by financial results (Kirchherr et al,,
2018). Financial constraints in general increase the probability of abandoning an innovation project
(Garcia-Quevedo, Segarra-Blasco, & Teruel, 2018). Moreover, financial distress often leads to bank-
ruptcy of a company. Therefore to determine a propensity of the industry to implement CE,
a financial aspect of the construction industry has to be featured. This research analyses the
main financial factors in construction companies and, on this basis, finding appropriate means
towards drastic improvement in the functioning of the enterprise. Firstly, a literature review was
conducted, linking sustainability and construction industry. It helped to analyse features of the
sector. After that, a database of the construction enterprises taken from the National Court
Register in Poland was explored. As a result 1485 random selected cases of construction compa-
nies were skipped to next phase of evaluation. Parameters of the sample are presented in Table 1.

On the basis of the data, the main profitability indicators were calculated. Results of medians of
the return on sales (ROS), return on assets (ROA) and return on equity (ROE) observed in 1485
random cases of Polish construction companies (2014-2016) sorted by trades are presented in
Figure 2. The most profitable branch regarding the return on equity indicator is railway construc-
tion. It can be conditioned by limited competition between contractors coming from higher start-
up costs (e.g. machinery). Also, a relatively low number of the cases in the sample (33) may
influence the lower credibility of such calculation. According to some theoretical considerations, it
has to be underlined that in properly functioning companies the following inequity is observed:
ROE>ROA>ROS. In this study, 69% of cases fulfils this assumption. Moreover, generally the higher
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Figure 2. Probability indicators:
medians of ROS, ROA, ROE
observed in 1485 random cases
of polish construction compa-
nies (2014-2016) by trades.

Table 1. Features of sample

Feature Description

Number of cases 1485

Number of cases in leading trades:

Construction of buildings 514
Construction of roads and highways 315
Construction of railways 33
Construction of bridges, tunnels and other works of 300
civil engineering

Building installations and other works 323
Years 2014-2016
Size of company All genres

Profitability indicators

20,00%
s 1500%
s Installations
= 10,00% " Civil engineering
s Railways
"é 5,00%  Highways
o
Buidin,
0,00% e
ROA
ROE
ROS ROA ROE
mAll 2,4% 3,5% 8,5%
M Buidings 2,5% 3,6% 8,8%
B Highways 1,8% 2,6% 6,1%
B Railways 5,2% 4,9% 19,9%
B Civil engineering 1,7% 2,4% 5,8%
@ Installations 2,8% 51% 11,6%

ROE the better, but it should be higher than an inflation rate (Zaleska, 2005) to omit the negative
consequences of the loss of value. In the research, only 219 out of 1485 cases were prone to such
danger. In order to answer the leading question: how should construction companies get ready for
implementation of the CE?—it can be noted that management staff should strive to gain the
highest possible ROE and to meet other expectations connected with profitability indicators,
especially the inequity mentioned above.

Further considerations were focused on measuring asset turnover ratios (ATR) among the
chosen cases of Polish construction companies. Figure 3 presents the median values of the

indicators sorted by trades.

The highest median of ATRs is observed among companies responsible for installations whereas
the lowest in case of contractors connected with other civil engineering structures.
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Figure 3. Medians of asset
turnover ratio in 1485 random
polish construction companies
(2014-2016) by trades.

Asset turnover ratios

All Buidings Highways Railways ' Civil Installations
1 | | | | engineering |
|ATR 1,672 1,617 1,790 1,713 | 1,480 1,832

1,500 -

1,400

1,300

Value of asset turnover ratio

1,200

1,100 <

1,000

Although in literature, there are known more complex analysis to predict the performance of
companies and their chances of business survival (Chen, 2012; Chen, Mu-chun, and Badjie 2016;
Kangari, Farid, & Elgharib, 1992), in business, sometimes it is crucial to find simple answers to
complex questions. Quantitative model based on the three financial ratios (ROE>ROA>ROS) to
assess the financial performance gives such opportunity.

4. Implementation of circular economy in the construction sector and new business
models

4.1. Position of the construction industry facing circular economy

The new challenges that the construction industry faces in the twenty-first century can be
considered as a chance to gain a competitive advantage by the companies. However, they need
to find efficient means for economic success, especially changes in the way they manage their
business (e.g. corporate social responsibility), in methods of construction and in the organization of
projects. If these changes are new and create value-added for a company, they can be called
innovations (Girmscheid & Hartmann, 2001). The construction industry is quite unique. It evokes
a necessity for paying attention to various attributes and different constraints, e.g. environment
regulation (Zhang, Hui, Xia, & Skitmore, 2018), corporate social responsibility (Xia, Olanipekun,
Chen, Xie, & Liu, 2018), etc.

In order to describe features of the construction industry, it was decided to verify what kind of
terminology connected with sustainability is used by the most significant players on the market.
Poland was chosen as an experimental field. The country has been a member of the European
Union since 2004. Moreover, Polish construction companies will focus on taking advantage of the
increased project volume in the upcoming years and at the same time, they will focus on ensuring
growth and value in the long term (Sarwarzadeh, Sinke, Sturm, & Zegger, 2017). To perform the
experiment, main websites of largest construction companies in Poland by revenue in 2016
(Deloitte Polska, 2017) were analysed to find two keywords, so crucial for the paper: “sustainable
development” and “Circular Economy”. Some alternatives were allowed, such as: “sustainability”,
“circularity”, “economy with closed-loop” and their Polish equivalents. At first, the main webpage
was analysed. A researcher’s purpose was to find proper keywords during the first 10 seconds of
a visit on the website. If an attempt was successful, and a keyword was found, a test was marked
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as positive. Otherwise, it received a negative label. Then the same procedure was performed but
this time with the use of a built-in search engine on the webpage. The results of the trial are
presented in Table 2.

As it seems, the results are quite gloomy. Although managers hired in construction companies
from time to time confirm that ecology issues are important and environmental protection (as
a part of the corporate social responsibility) is treated as a priority (Gérecki, 2016), the facts differ
from reality. Only three out of five top, according to (Deloitte Polska, 2017), contractors in Poland
present information about sustainability online—on their corporate websites. None publish their
involvement in looping production cycles and use the “Circular Economy” keyword. There is only
a little information about recycling, waste segregation etc. It is quite interesting that their counter-
parts or parent companies present such content on the website (Ferrovial or Skanska Group).
Obviously, the body of websites is mainly used for marketing or public relations purposes
(Gustavsen, 2003) but it gives an overview of the organizational culture (Yanney, 2014).

4.2. Innovative strategy for limiting environmental impact?

The inputs of the construction system consist of the huge amounts of resources needed to carry out
the construction. Project management is required in order to maintain the process of assembly of the
building when the resources are used. Finally, an output of the system means finished building
(Fewings, 2005). The same applies to the construction of roads, infrastructure and other structures.

Waste, in turn, is considered as a negative externality of the construction system. It is desired to
minimise this impact (Esa et al., 2017; Ili¢ & Nikoli¢, 2016; Wilson, Velis, & Cheeseman, 2006), however,
the environmental impact and the resource value of the waste are main drivers for the development of
waste management. Despite the fact that business activity is not primarily aimed at solving global
environmental problems, managers try to perceive environmental issues as an integral part of
a business strategy. Such an attitude may enable them to develop a positive image and, what more
important, gain a competitive advantage. For manufacturers of construction materials, identification of
the waste flows that can be generated or used throughout the life cycle of such products is very
important (Silvestre, De Brito, & Pinheiro, 2014). However, considering a broader sense of business

Table 2. Results of finding keywords: “sustainable development” and “circular economy” on

websites of top 5 polish companies and their in-built search engines, 2017

No. Name Capital origins “Sustainable “Circular Economy”
of main development”
shareholder . .
Main page | Browser | Main page | Browser
1 Budimex Spanish (55,1%) Yes Yes No No*
Group update 05/2017
2 Skanska S.A. | Dispersed share Yes Yes No No*
ownership,
Swedish origins
3 Strabag Sp. | Dispersed share Yes Yes No No*
Z 0.0. ownership,

Austrian and
German origins

4 Polimex- Polish (65,93%) No Yes No No*
Mostostal update 05/2017
Group
5 PBG Group Dispersed share No Yes No No*
ownership, Polish
origins

Based on: www.budimex.com.pl, www.skanska.pl, www.strabag.pl, www.polimex-mostostal.pl and http://www.pbg-
sa.pl (Retrieved on 19 February 2018).

* Despite the lack of direct evidence, the company underlines its commitment to waste management, ecology,
“green” policies, ISO 14 000 etc.
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activity, it is necessary to mention undertakings of a construction nature—construction investment
projects. Their stakeholders start to focus on better waste management policies and standards imple-
mentation. From point of view of investors, a typical life cycle of a sustainable construction project
consists of five project phases: sustainable design process, sustainable production of sustainable materi-
als and equipment, sustainable building process, sustainable maintenance, and sustainable liquidation,
meaning the conversion of outputs into the inputs as reuse, remanufacturing or recycling (Nufez-Cacho
etal, 2017). In the further part of the article, this idea will be used to create principles for the closed-loop
project value chain management of the construction projects. On the other hand, the contractors want to
diminish their contribution to natural resource degradation too. There is no doubt that there is a purpose
in this. For some, it is a way how they can manifest the solicitude for the future generations. Others want
to use it as a competitive advantage or simply as a slogan. However, in both cases, it is about minimising
the risk of the business in the short and long term.

The growing importance of reverse logistics (Chinda, 2017; Jiang & Zhang, 2016; Rahimi &
Ghezavati, 2018; Trochu, Chaabane, & Ouhimmou, 2018), treated as material flows from customer
to manufacturer, appears as a significant challenge for management. Nowadays managers must
take into account not only flow to a customer, but also in the opposite direction. Such strategy
opens a possibility to receive a new product of standard, but recovered value. New inputs coming
from the recovered materials allow to close the cycle and obtain a closed loop in the supply chain
(Jimenez-Rivero & Garcia-Navarro, 2017). On the other hand, for making this purpose possible, it is
necessary to favour selected construction solutions (e.g. disassemblable parts, bolted joints etc.) in
the design of structures so that the end-of-life construction materials could be easily obtained
(Bribian, Capilla, & Usén, 2011). However, the closed-loop supply chain in enterprises reconciles
two main virtual contradictions: business development and environmental protection.

Integration of the Circular Economy (CE) principles within sustainable supply chain management
provides many advantages for the environment in comparison to a traditional linear model (Nasir,
Genovese, Acquaye, Koh, & Yamoah, 2017). The CE is a generic term for an industrial economy that
uses design to restore its inputs. The CE aims to simulate nature, which in its biological cycle does not
discard any matter at any time but which, at the end of the use, finds productive inputs to another
process. Such simulation, being a part of the second principle of Natural Capitalism (Hunter and Cohen
2011), occurs very useful in the construction sector. In this way, the construction process is conducted
in a cheaper and cost-effective way. Therefore, the rules are not brand new. Mother Nature has known
them for thousands of years. However, their application in industries is innovative.

It is believed that the new philosophy of production results in the indefinite reuse of the factors
of production and their derivatives that are used in the process. The main objective is to rethink the
model of the traditional, linear economy, in which the sector cannot find optimal solutions in terms
of sustainability and the environment. The use of new resources derived from recoverable waste
produced by manufacturers can benefit both economically and environmentally.

However, the implementation of the CE has to be preceded by the following changes. Firstly, the
sector must be theoretically prepared for more efficient business models including knowledge
about more sustainable production systems. Moreover, the industry has to be equipped with new
technologies, facilities, management models and digital platforms to be able to profit from the
change. Then, the market has to be educated about the financial and ecological advantages of the
CE. However, it is not only the construction project itself that needs to evolve. The way a building,
road or infrastructure are maintained requires similar evolution as a part of new business models.
Secondly, the industry must generate and promote reliable measures of the company’s condition
being a factor of its propensity to implement the CE. One of such methods is proposed in
the further part of the article. Thirdly, the construction sector should promote policies providing
the long-term, reliable financial support for construction projects executed in compliance with the
CE principles. Providing high quality technological “nutrients” (Galan-Arboledas, Cotes-Palomino,
Bueno, & Martinez-Garcia, 2017; Martin-Morales, Cuenca-Moyano, Valverde-Espinosa, & Valverde-
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Palacios, 2017) can be prone to high economic risk (Machacek, Richter, & Lane, 2017; Masi, Day, &
Godsell, 2017). It is proposed to convince the European Commission to implement new rules,
based on promoting closed-loop economy principles, for partnership agreements on the European
structural and investment funds after 2020. Thanks to such law the funds could appear as
a solution for minimising the risk of the construction investment projects. Lastly, a new concept
of the certification system should be developed. It could be useful for the previous issue to
measure the CE and give assurance certificates in different areas and on particular levels (sector,
industry, market, project, organisation etc.). Eurostat monitoring framework tool can be helpful to
measure total implementation of the Circular Economy in a country or in the European Union.
However, a proposal for measuring the CE especially intended for the construction sector has been
described so far in the literature (NUfez-Cacho et al.,, 2017).

4.3. Emerging circular economy business models and SCM of the construction industry

The new European legislation, widely known as the Circular Economy Action Plan, implies
a “radical” change in managerial conceptions, orienting itself towards the paradigm of the
Circular Economy and promoting reuse. For example, the EU Strategy for Plastics in the Circular
Economy establishes that by 2030, all plastics packaging should be recyclable (European
Commission, 2017). Moreover, 70 % recovery target for construction and demolition waste was
set for 2020, however, according to recent reports (European Commission, 2018), it should be
underlined that the percentage includes backfilling of non-hazardous construction and demolition
waste excluding naturally occurring material. Unfortunately, it is a practice which does not keep
the value of the materials in the economy and is therefore not conducive to the Circular Economy.

Supply chain management was adopted into the construction industry in order to make it more
effective and more efficient. So far, the complexity of construction supply chain management has
been explained in the literature (Behera, Mohanty, & Prakash, 2015). However, a business model is
a comprehensive understanding of how a company does business (Beattie & Smith, 2013; Witjes &
Lozano, 2016) and creates value (Afuah, 2004). It has to be noted that developing circular structures
requires a new process design where a variety of disciplines in the supply chain is integrated. Moreover,
according to (Leising, Quist, & Bocken, 2018), an extension of responsibilities to actors along the entire
building supply chain, and new business and ownership models are necessary as well.

In the following Figures 4-7, a semi-closed loop supply chain concept for construction projects is
presented. Also, a range of occurrence of the finished outcome, e.g. building (green triangle) is marked.
Basically, supply chains (Khalfan, Khan, & Magsood, 2015; Nasir et al., 2017) are mapping the mutual
relationship between construction project stakeholders in the flow of materials. Its structure corre-
sponds to the project. Semi-closed loop supply chains are established to specify reverse logistics and
underline a whole life cycle of the project. Three different business models (general contractor, real
estate development and integrated supply chain typical for project management) are proposed as
a road map towards full integration within the supply chain. This concept promotes project management
model as a target for the investors whose expectations are connected with the CE implementation.

Figure 4. Semi-closed loop sup- raw |
ply chain for the construction paiesasiy) & J
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Figure 5. Semi-closed loop sup-
ply chain for the conventional
model of construction projects
and area of occurrence of the
collaboration between partici-
pants (red circle).

Figure 6. Semi-closed loop sup-
ply chain for the real estate
development model of con-
struction projects and area of
occurrence of the collaboration
between participants (red
circle).

Figure 7. Semi-closed loop
integrated supply chain for the
construction projects and area
of occurrence of the collabora-
tion between participants (red
circle).
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As a matter of fact, all previous models do not fully meet assumptions of the Circular Economy.
Therefore, Figure 8 presents a closed-loop supply chain for construction projects. On the other
hand, Figure 9 shows a model for closed-loop project value chain management (Kelly, Male, &
Graham, 2014) of the construction projects.

Alike in a company (traditional value management), construction projects also require
a structured management methodology for improving decision-making and value-for-money. In
the company, value chain management is intended to deliver a valuable product for the customer,
whereas in the construction project, the valuable product must be delivered to the project’s owner.
The last model refers to meeting the client’s requirements regarding the exclusion of waste and
improving the efficiency of resources used during the construction project.

Companies in the construction sector face a high level of risk which usually originates from

decision-making processes of different nature. An implementation of the strategy of risk man-
agement is one of the forms of restructuring the management of the organization (Gérecki and
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Figure 8. Closed-loop supply

chain for construction projects.

Figure 9. Closed-loop project
value chain for value manage-
ment of construction projects.
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Jadwiga 2018). A fundamental matter of the risk management is to recognise the factors, which
are crucial for the construction project management—objective perspective—as well as for
a project stakeholders’ point of view—subjective perspective (Gérecki & Bizon-Goérecka, 2017).
In order to answer the research question: what is the current potential of construction companies
for investing in new, more ecological solutions?—holistic research on their financial profile and
the specificity of the construction industry had to be done. There is no doubt that large con-
tractors are ready to meet new challenges and to start implementing CE principles in their
projects, however, the risk can slow down the pace or limit this transition. However, the con-
struction sector includes not only financially stronger large companies but primarily numerous
small and medium construction enterprises. In this context, a comprehensive, multidimensional
analysis of propensity to implement Circular Economy in a particular construction company is
needed. Such an attitude requires taking into consideration both microeconomic, and macro-
economic factors.

5. Simulations of propensity to implement circular economy
5.1. Company condition model

According to Bogle, the most significant problem with capitalism today is a tremendous focus on the
short-term (Bogle, 2010). However, building corporate value over the long-term is quite and
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unfortunately, there are no quick or easy shortcuts. This contestation may explain the low propensity
of companies to invest in truly environment-friendly solutions and why they choose the easy but not
effective shortcuts (e.g. backfilling).

A reliable promise of gaining competitive advantage can convince construction companies
of their inevitable need for a transition to the Circular Economy. Therefore in order to make
this idea happen, appropriate incentives should be created to develop this new market. The
construction sector and its players must generate and promote reliable measures of a
company’s condition which could be treated as a factor of its readiness to implement the
CE. It is proposed to estimate the overall status of the company on the basis of the
equation (1).

R AVA ALP

Company condition = GC AT AMW (1)

where:

R—company’s revenue, GC—company’s gross cost (gross cost = revenue—net profit), AVA—
annual change in gross value added at factor cost related to Circular Economy sectors in
a country (Eurostat, 2014), Ai—annual change in inflation rate in a country, ALP—annual
change in labour productivity in a country, AMW—annual change in minimum wages in
a country.

The first fraction is related to a financial condition of the analysed company (should be more
than 1, the more the better). The second one describes a dynamic of the circularity in a country
where the company operates. The last fraction presents a dynamic of labour efficiency in the
country. A result of the multiplication gives an answer about the company’s status based on
micro- and macro-environmental measures. Indicators related to the entity are available from
its financial documents whereas those connected with the sector and cross-sector features can
be obtained from the Eurostat.

5.2. Monte carlo simulations and results

For a purpose of this article, a conceptual framework for simulations was used to prepare an
example of calculation of company’s propensity to implement the Circular Economy in two
types of economies: stable—playing pioneering role in sustainability efforts and renewable
energy, like Denmark or Sweden (Andreas, Burns, & Touza, 2017))—and, by contrast, unstable.
For the first alternative, target values and distribution parameters of their reliability were
established on the basis of the expert method. Economies described by their stability or
instability, which have been widely explained in the literature (Nasir, Ahmad, Ahmad, &
Junjie, 2015; Wu, 2018), can be represented by different risk distribution of value predictions.
In the example, stability is featured by normal distributions whereas instability by triangular.
Computational analysis was performed with the use of the Monte Carlo (MC) simulation
method. Details of the simulation are presented in Table 3.

Table 3. Details of computational analysis performed in @Risk (Palisade)

No. Name of Type of Stable economy Unstable economy
input distribution Mean | Std. dev. Min Mode Max
1 AVA Normal Triangular 1- 0,02- -0,8 -1 -1,1
2 Ai Normal Triangular 1- 0,05- -0,95 -1 -1,3
3 ALP Normal Triangular 1- 0,02- -0,9 -1 -1,2
4 AMW Normal Triangular 1- 0,015- -0,8 -1 -1,15
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Figure 10. Probability density of
the company’s condition as

a factor of propensity to imple-
ment circular economy in two
types of economies: stable (red)
and unstable (blue).

Figure 11. Tornado chart—
simulation sensitivities of com-
pany’s condition as a factor of
propensity to implement circu-
lar economy in stable
economies.

Use of the MC was justified earlier (NUfiez-Cacho et al.,, 2017). In Figure 10, the results of two
simulations (one for stable—red—and one for unstable—blue—economy case) are shown. It can
be noted that a level of prediction risk implies the shape of a probability distribution.

It also reveals that there might be different patterns of propensity to implement the CE in
particular companies or countries. Moreover, smart legislation concerning this matter in the
European Union should take these discrepancies into account. Figures 11 and 12 explain that
the final result may be conditioned by different factors but not to the same extent.

It can be noted that an annual change in inflation impacts the most the condition of the
company in stable economies. Among other factors of propensity to implement Circular
Economy, there is an annual change in labour productivity, an annual change in circularity, and
an annual change in minimum wages, however, these variables have less influence on the
company’s condition.

For unstable economies, the results are not so clear. In fact, all four variables have a similar
effect on the company’s condition treated as a factor of propensity to implement Circular
Economy.
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Figure 12. Tornado chart—
simulation sensitivities of com-
pany’s condition as a factor of
propensity to implement circu-
lar economy in unstable
economies.
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The undeniable advantage of this type of approach is the ability to perform analyzes in
a dynamic way, i.e. taking into account changing conditions (economic, sustainable etc.).

There is no doubt that the Circular Economy has the potential to contribute to the creation of
jobs and economic growth but smart support can make it real. Innovation and investments—on
ecological technologies, on secondary raw materials, on recycling processes and on industrial
symbiosis—are key factors of the transition to the Circular Economy. Therefore, there must be
favourable conditions for the development of such activities. The last research question: what is
a propensity of the contractors to perform a transition towards the Circular Economy era?—recalls
that the condition of the company depending on microeconomic and macroeconomic circum-
stances determines its willingness to risk in such innovations. An enterprise, ready for new
challenges, is one whose financial position is stable. However, without the presence of other
incentives, the success of such ventures may be prone to risk.

6. Discussion

The Circular Economy can contribute to creating new posts and economic growth. Investments on
eco-innovations (eco-design, secondary raw materials, recycling processes, industrial symbiosis) are
a key factor of the transition to closed-loop production systems. There is no doubt that such strategy
can be profitable and should be treated in the construction industry very seriously, however, a curious
thing is what is a propensity of the contractors and other market players to perform a transition
towards an era of the CE.

After previous articles and the findings of measuring closed-loop-production thinking in the
construction companies, this time, the paper’s main contribution is to describe how should con-
struction companies get ready for implementation of the CE and what is their current potential for
investing in new, more ecological solutions. It is underlined that the main condition of the
company’s transition to the Circular Economy is its financial stability and potential calculated by
the proposed model. It is worth to consider if it would be better to put reliable data based on the
historic numbers rather than distribution parameters given by experts. To make it real, it is
required to create a consistent and open-access database containing information crucial for the
algorithm.

The analysis also reveals the ideas of how international bodies like the European Union should
create efficient policies to encourage companies to discover new remedies for resource scarcity
and business risk. Moreover, it is proposed to convince the European Commission to implement
new rules, based on promoting closed-loop economy principles, when new partnership agreement
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frameworks on the European structural and investment funds will be prepared. In such a case, the
funds could appear as a solution for minimising the risk of the construction investment projects
executed in compliance with the principles of the CE.

An implementation of the Circular Economy in the construction sector requires macro- but also
micro-economic attitude. As a result of the study, different business models (general contractor, real
estate development and integrated supply chain typical for project management) are proposed as
a road map towards full integration within supply chain treated as a method for managing material
and waste flow in sustainable construction projects. On the other hand, the value chain is considered
as a powerful tool to manage a process of value-adding in the construction project, especially if it is
conducted in harmony with the CE. These findings are a novelty because concern adopting the value
chain management into sustainable construction projects.

Based on the analysis and findings from the research, the article identifies strategies for
effective implementation of the Circular Economy in construction sector, determines that financial
incentives can help to boost CE-based innovations, and to convince construction market to risk for
investments connected with closed-loop project value chain management in construction projects
but on the other hand it discloses several research gaps for further studies:

« How should construction companies manage the risk of CE implementation?

» How do theoretical models of financial performance refer to reality?

7. Conclusions

Currently, an increasing number of market players realise that limited resources are not only a matter
of finite money they manage but also (and perhaps) primarily a matter of the resource scarcity.
Moreover, many urban areas worldwide have been developed rapidly. This has caused serious
environmental problems, including pollution, floods, smog, etc. These occurrences evoked a need
for immediate changes. Today, the concept of the ecological perspective has become increasingly
popular and for many, sustainable development as well as the Circular Economy concept—primarily
in the construction sector—has become the only way to avoid this problem in the future.

The practical implementation of the CE can be performed in two steps. First, vertical including
companies, industrial parks, communities, countries, international bodies. Second, horizontal invol-
ving industries and sectors. Therefore, the CE should be implemented at the macro-economic level
(legal regulations, policies, requirements, certificates etc.), then companies will notice that it is
worth investing in such solutions and there are some safeguards against the business risk. The
most significant incentive may be financial support of the European Union for only those infra-
structure projects in which the idea of the Circular Economy is fully implemented.

The consequences of this research can bring a revolution in the distribution of the structural and
investment funds if the above idea is accepted by European authorities and all members of the
European Union. Circular Economy may become an economic flywheel in many countries. The money
allocated for investments in modern, environmentally friendly technologies will help to achieve not
only a higher level of economic development but also a relief for nature. The transition to the era of
the Circular Economy in construction sector means not only new, previously unused materials or
cleaner technological processes, but also healthy societies or new jobs in the construction market.

8. Limitations and further research

Selected 1485 cases of construction companies from the National Court Register database in
Poland were analyzed by different specialities: building, highway, railways, civil and installation.
Most large construction companies have different divisions, which may cover some or all the above
mentioned specialities. Therefore, the analysis by different trade may not be able to directly
indicate how the ROS, ROA, ROE are related to the company profitability for large companies.
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However, the comparison shown in the article is indicative, and the division used does not apply to

pure specialities, but only to leading ones.

In the analysis of some companies’ websites, searched keywords were: “sustainable develop-
ment” and “Circular Economy”. Indeed, the searching method cannot strongly correlate the
construction companies with sustainable development or Circular Economy until the search results
were further verified and processed. It is possible that some misunderstandings or inappropriate
descriptions were found on the websites. Without a doubt, it would be better to go extra steps to
verify if the construction companies were implementing sustainable construction technologies or
altering the traditional construction materials to reusable materials and thus they know what
sustainability or CE is. However, this article was focused on the simple presence of certain triggers
on the home page of companies, which is often their showcase. It was assumed that if something
is not mentioned on the website, it is less important, at least from the point of view of customer
relations. Future research will be focused on deepening the essence of the problem.
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