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Abstract: Circular economy (CE) is an emerging economic model based on the endless circulation
flow of resources creating additional value. In temporary organizations such as construction projects,
all administrative decisions are crucial for final success. One of the ideas is to enroll a circular economy
manager (CEMR) and put him in an organizational structure. Implementation of the CE concept
should be the effort of the entire project team. However, actions specific to the innovative nature of the
procedures related to the CE in construction projects require additional support. It can be provided
by professionals who can adapt a wide spectrum of knowledge to be used for promoting CE in the
execution of construction processes. CEMRs can play the role of patrons of the CE issues because
they support project managers in saving material resources in construction projects. The symmetry
between visible outcomes of the CE idea and the employment of an extra manager has contributed
to the development of the CEMR selection criteria model. However, effective recruitment for such
a post may be a bit complicated for decision-makers, especially when CE is still enigmatic, as its
procedures are quite undiscovered. All in all, the multi-criteria decision-making problem forces
one to prepare the list of selection criteria and to rank them according to status in the hierarchy.
This article shows prioritized criteria for selecting the CEMR based on the advanced literature review
concluded after several expert-based reviews and calculated after some Monte Carlo simulations.
The main purpose of this article is to help decision-makers in construction projects to perform a
reliable recruitment process.
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1. Introduction

Progressive urbanization of natural areas fosters biodiversity loss and climate changes. The rapid
development of urban areas all over the world causes many serious environmental concerns, such as
emissions, floods, etc. Fortunately, growing knowledge about the economic growth paradigm [1]
and ecological consciousness [2,3] in societies (among consumers, decision-makers, etc.) makes it
possible to realize that limited resources are not just about limited capital that governments and
institutions have, but it is also—and perhaps mainly—a question of scarcity of resources itself [4].
Therefore, a concept of the ecological perspective gets more and more popular and, for many, balanced
development is the only way to get rid of this problem. Ecological practices play a significant role in
the sustainable growth of nations in many countries.

Sustainable production [5,6] can be described as an environmental protection strategy based on
continuous, coordinated, preventive action with regard to processes aimed at increasing the efficiency
of production and services as well as reducing the risk to people and the natural environment [7].
The sustainable production framework links the production process with the concept of reducing the
use of resources and the environmental impact of the product. Therefore, it applies to all stages of the
product life cycle—from cradle to grave and from design to disposal [8].
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More and more businesses are developing sustainable manufacturing systems [9,10] and recruiting
experts to their research and development (R & D) departments in search of new or more effective
technologies. There are numerous issues waiting to be addressed, however.

A holistic approach is necessary for effective decision making connected with sustainable
development [11] that aims to improve the quality of life while maintaining social equality, biodiversity,
and variety of natural resources [12]. It means that considerations of economic issues should take into
account their impact on social aspects, policies and the natural environment. For this purpose serves
the circular economy (CE) concept [13–17].

The European Union’s action plan for the circular economy [18] announced in 2015 by the
European Commission is a response to the previously mentioned challenges. Legislative initiatives aim
to reconcile environmental and business interests. The package is treated as a clear signal for all market
players that full implementation of new ecological and raw materials policy is a priority for European
decision-makers. The circular economy, according to the report, will boost the competitiveness of the
EU by protecting businesses from resource scarcity and volatile prices, helping to create new business
opportunities as well as innovative and more efficient ways to produce and consume.

According to the European Commission, certain sectors are facing particular challenges in
the context of the circular economy due to the characteristics of their products or value chains,
their environmental footprint and potential dependence on resources [19,20] from outside Europe.
As a result, the action plan enumerates five priority areas that require a specific approach:

• Plastics;
• Food waste;
• Critical raw materials;
• Construction and demolition;
• Biomass and bio-based products.

The above conclusions indicate that the construction industry is problematic and is responsible for
the growing amount of waste that does not return to the value chain. It is also a very energy-intensive
industry. In the United Kingdom, for example, annual emissions associated with the embodied
energy required to produce all kinds of materials needed are over 10% of the UK’s total emissions [21].
Strategies to reduce the energy demand for buildings and infrastructure are rapidly evolving that go
beyond the maintenance phase and include the energy demand required for the production of the
materials phase as well. According to Barrett et al. [21], there are many ways to minimize energy
demand by evolving activities in the construction sector. A decreased use of materials through better
design and manufacturing procedures as well as increased re-use and recycling rates are just the most
evident examples. Cooper et al. [22] describe the circular economy approaches and estimate their
potentials in construction as large.

A preliminary observation of project-based organizational structures focused on the roles of
personnel responsible for managing environmental aspects of production reveals presumed neglect
in this area. There is low popularity in general [105 results for “circular economy manager” in Google
browser and one record [23] in ScienceDirect database (both numbers retrieved 17 December 2019)]
and practically lacking in construction sector [17 results for “circular economy manager”, “construction
project” in Google browser and zero records in ScienceDirect database (both numbers retrieved
17 December 2019)] of circular economy manager posts. The above search results indicate, however, that
the idea of establishing circular economy manager (CEMR) is not completely unfounded, because the
first symptoms of this phenomenon appear in the economic sphere. The presumption confronted with
an inevitable transition of the construction industry into circular economy opens a new, undiscovered
scientific gap for assuring a list of the most important competencies of circular economy manager.
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The study was motivated by the question of whether or not project-based organizations like
many construction companies note the necessity of hiring specialists on separate posts responsible for
managing issues connected with this new business model and the philosophy of construction project
execution based on closed-loop principles.

In the literature, some signs of such an attitude are present; however, the majority of examples
only gently touch this problem, recalling the post: sustainability manager [24–27], environmental
manager [28–31], or site waste manager [32–35].

However, interest should be also addressed regarding the existence of the symmetrical relationship,
which has a dual character in this case. On the one hand, better functioning of the CE idea is achievable
when the CEMR is employed in an organization. On the other hand, the effectiveness of the CEMR is
greater the more thoroughly implemented the idea of CE in the organization is.

Therefore, an important decision-making process to be made by a construction company is the
circular economy manager selection. This facilitates the fit of the project organizational structure to
the new approach and choosing the right person that meets requirements connected with the post.
A recruitment phase in construction companies is quite difficult and time-consuming and does not
guarantee final success. Having a selection procedure pattern for the circular economy manager in
construction projects may allow companies to avoid unnecessary costs and time wasted. The most
important challenge is to identify selection criteria regarding what, in case of such a niche, may be
very difficult due to lack of experience and case studies. Therefore, CE needs more complex problem
solving skills, resource management capabilities, process skills and technical skills compared to the
rest of the economy [36].

A review of the literature in the field of construction project management reveals a great interest
in material resource issues categorized in symmetry with current sustainability problems. The author’s
proposal is a reply to these needs. It consists of employing the CEMR and putting him in a project
structure similarly to the risk manager (RMR) or the quality manager (QMR).

The CEMR in the construction project should have an independent position and be subordinated
only to the top management of the project (PMR).

The aim of the article is to launch a discussion on this topic, because the idea of employing a
CEMR is innovative and has not been discussed widely in the literature yet. Indication of the problem
along with its structuring in the article is based on the author’s concept of the CEMR selection criteria
model prepared on the basis of opinions of stakeholders of construction projects and gathered in the
course of the study.

In general, there is a lack of knowledge about how to conduct a recruitment process to select
the best candidates on a circular economy manager post in a construction project. A crucial question
is what factors are influencing a successful decision. This paper aims to prioritize them in a clear,
replicable way. It allows stakeholders of the construction projects to make more reliable and therefore
less expensive decisions. The following research questions should, therefore, be formulated:

1. Is it necessary to employ circular economy managers to construction projects?
2. Is it possible to create one coherent model of the selection of circular economy managers in

construction projects?
3. Can decision-makers make more reliable decisions in a process of CEMR selection?

In order to get rid of the confusion coming from the questions mentioned above, a survey-based
study was performed and followed by the Monte Carlo simulation. This paper is organized, apart
from the Introduction, into five main sections. The second chapter describes theoretical considerations
about a topic of the research; the third one shows methods that can be used in the research. Criteria
and selection models of CEMR are presented in the fourth chapter, which is followed by the research
results in the fifth chapter. The last part of this article discusses the findings and provides ideas for
future research.
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2. Theoretical Framework

This part describes a theoretical context of the research on the circular economy manager selection
problem. The literature review provides a better explanation of the circular economy idea and its
connections with construction management processes.

2.1. Circular Economy (CE) in the Construction Sector

Circular economy (CE) appears as an interesting concept of reducing negative externalities of
human economic activity by finding new concepts of the flow of matter in manufacturing processes,
assuming its closed-loop circulation. As a result, the CE-based systems allow one to preserve waste
generation. They are created to save resources when the product life cycle comes to an end, allowing
them to be reused and thus to create another value. The CE concept attracts decision-makers from
various industries. Its application is particularly important in the construction sector, which is featured
by close relations (direct interference) with the natural environment. The industry is one of the main
waste generators and also one of the least environmentally friendly branches of the economy [37].
The limited resources force us to seek new technologies of waste recovery that can convert outputs
of one production system into inputs of another (new) production system. The construction sector
contributes significantly to CO2 emissions. Many of these emissions are generated in the manufacturing
process of the construction materials. For example, in the Netherlands, concrete is responsible for 5%
of global CO2 emissions [38]. CE can be considered at various levels both in the objective (in relation
to buildings, structures and their parts) and in the subjective perspective (in relation to construction
companies, workers, etc.).

During the construction process, huge amounts of resources are used, which results in the
generation of significant amounts of waste, energy consumption and the production of harmful
emissions into the environment. Also, it has a significant impact on many other sectors. There are many
difficulties associated with finding the best practices in strategic and operational decision-making [15].

It is necessary to notice the life cycle of construction projects. It begins at the “cradle”—a moment
of creation of an idea—and finishes at the grave after the demolition of a structure. In order to protect
the environment and natural resources, the construction materials used for the construction project
must be fully or partially recycled and reused (they must be “reborn”).

Working in the construction industry requires both theoretical knowledge as well as practical
experience and good abilities of the identification of global trends as well as local conditions. Therefore,
a great deal is required of managers working in this sector.

2.2. Implementation of CE in Construction Project Management (CPM)

The following changes precede the introduction of the CE in the construction industry. Firstly,
the industry needs to be prepared technically for more efficient business models, including knowledge
of more sustainable production systems, new organizational structures, etc. In addition, to benefit from
the transition, the industry must be prepared with new technologies, services, management models,
and digital platforms. The consumer must then be notified about the CE’s financial and environmental
benefits. However, it is not just the construction phase itself that needs to be evolved. This includes
also a significant change in ways of maintaining a house, a road or other types of infrastructure.
Secondly, the industry must generate and promote reliable measures to ensure that the condition of
the company is a factor in its propensity to implement the CE. This measurement was proposed in
the literature by Nuñez-Cacho et al. [15,39]. On the other hand, this article is intended to fill another
research gap—the creation of fundamentals for CE-based construction project management relying on
stakeholders’ awareness of the role of circular economy manager and his competences being valued in
the recruitment process.

Implementation of circular economy in construction projects may result in a higher value of their
products, including increased profitability or reduction of costs in the project life cycle [40] by reduced
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consumption of resources as well as external factors such as higher built environment quality, lower
emissions, etc.

The main goal of construction companies implementing strategies based on CE should be to
achieve high project management maturity, taking into account the closed-loop production rules.
This approach can be called circular economy maturity (CEM) [41]. Such an attitude in CPM is reflected
in the competences of project team members, including the circular economy manager (CEMR). It is
also necessary to create an environmental risk management plan in the project and risk capital to cover
potential losses and unexpected increases in costs related to environmentally friendly attitudes [42],
including the implementation of CE.

The project management maturity can be observed in a company when its successes are treated as
concurrent with successes of implemented projects. The project manager is responsible for achieving the
project goals, whereas the circular economy manager should support him by enhancing competencies
specifically related to closed-loop production.

The ability of the effective CPM is often determined by a reliable risk management plan in the
project and risk capital to cover possible losses related to the project implementation. The project
management maturity understood in this way manifests itself mainly in the selection of competent
project team members. Therefore, it seems obvious that a reliable recruitment process resulting in right
personnel selection helps in achieving the project management maturity by construction companies.

The next part of the article focuses on methods useful in the selection process of circular economy
managers in construction projects.

3. Methods

This part describes the circular economy manager recruitment problem from the point of view of
methods that can be used to create a reliable selection framework.

3.1. Overview of Methods

Decision theory has been a field of research for many years. It deals with situations in which
decision-makers make a choice among given alternatives. Many studies have been published about
this comprehensive issue. In the case of this research, the choice is among a group of candidates
who are being considered for the CEMR post in construction projects. A brief overview of recent
decision-making methods is useful, considering CEMR selection is ultimately about the decision of
who will be responsible for circular economy issues in a construction project and if such a strategy will
eventually be successful (and for whom) or not.

Choosing the right method for circular economy manager selection determines the desired
stakeholder’s engagement, causes a general acceptance of such an activity, and leads to the final success
of the CE implementation process. Therefore, in this article, it is useful to present a variety of possible
methods (Table 1) retrieved from the literature.

Table 1. Multi-criteria decision-making methods in project manager selection (PMS).

Method References Method References

ANFIS [43] (Fuzzy) DEMATEL [44]
ARAS [45,46] Fuzzy MCDM [47,48]

Computing with words [49] (Fuzzy) SAW [50,51]
COPRAS-G [52] (Fuzzy) TOPSIS [53]

Delphi and fuzzy linguistic [54,55] (Fuzzy) VIKOR [56,57]
(Fuzzy) AHP [43,58–61] Grey Relational Analysis [62]
(Fuzzy) ANP [44,63] IPMA Competence Baseline [64]

Fuzzy Comprehensive Evaluation [65] Neuro-fuzzy Genetic System [66]
Fuzzy curves [67] Principal Component Analysis [68]

(Fuzzy) Data Envelopment Analysis [69,70] Hybrid methods [43,44,54,55,71–76]

AHP, Analytical Hierarchy Process; ANP, analytical Network Process; DEMATEL, Decision MAking Trial and Evaluation
Laboratory; MCDM, Multiple-Criteria Decision-Making; SAW, Simple Additive Weighting; TOPSIS, Technique for
Order of Preference by Similarity to Ideal Solution; VIKOR,Vise Kriterijumska Optimizacija I Kompromisno Resenje;
COPRAS-G = Grey COmplex PRoportional Assessment; ARAS = Additive Ratio Assessment.
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Apart from different algorithms useful in the selection and ranking of alternatives, there are a variety
of criteria weighting methods for personnel selection problems. Among the most significant tools,
one can consider analytical hierarchy process (AHP) [45,70,77], analytical network process (ANP) [70],
stepwise weight assessment ratio analysis (SWARA) [46,78–81], factor relationship (FARE) [77],
linguistic weighted average (LWA) [49,67], average of normalized columns (ANC) [59], weighted
aggregated sum product assessment (WASPAS) [82], KEmeny median indicator ranks accordance
(KEMIRA) [83], or fuzzy weighted averaging (FWA) [72]. Also, the superiority and inferiority ranking
(SIR) method [84] or the best–worst method (BWM) [85] have potentially wide application in weighting
criteria for MCDM.

As one can observe, there are many interesting and comprehensive MCDM methods used for
personnel selection, including hybrid methods. However, for the problem highlighted in the article
for the CEMR selection process, it is proposed to use a simple but efficient way of reliability-based
recruitment that is useful in construction projects and is described below.

3.2. Description of the Selected Method

The research was conducted from October 2018 to January 2019. A graphical summary of the
selected method is presented in Figure 1. At the early stage of the research covering a conceptual phase,
the literature study [database: ScienceDirect; keywords (multiple combination): circular economy,
manager, construction, construction project, construction management, multi-criteria decision-making
methods, uncertainty, risk; years: 2010–2019] was performed to provide a basis for a definition of the
problem, an initial expert brainstorming and a specification of the research methods. The expert sessions
included professionals (35–68 years old) directly related to the companies operating in the construction
sector, i.e., members of the Polish Chamber of Civil Engineers. When selecting these experts, their
professional skills in the field of construction management were taken into account (at least 10 years of
experience). All of them were directly involved in a minimum of three construction projects.
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Next, a second stage of the literature review [database: ScienceDirect; keywords (multiple
combinations): green jobs, circular economy, manager, competence, leadership, selection criteria,
skills, competencies, hierarchy, construction, construction project, construction management; years:
2010–2019] was done. This time, the most important purpose was to identify selection criteria for
managers in construction projects especially suitable for the circular economy area. A further step of
the research covered the quantitative process, which consisted of:

• An online survey performed on platform SurveyMonkey (www.surveymonkey.com) intended for
collecting opinions about the criteria priorities and probability parameter inputs connected with
particular selection criteria;

• Configuration of inputs of the model;
• Performance of simulation of the model using @Risk application (www.palisade.com).

www.surveymonkey.com
www.palisade.com
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One purpose of the research was to show an opinion about the selection criteria of circular economy
manager in construction projects, which is a proposal of the survey’s author for better management by
indicating and assessing a hierarchy of the competencies required from candidates to this position
(deterministic approach). The second goal was to verify a reliability level of the decision-making
process of the candidate selection based on the given criterion and to check differences between
deterministic and probabilistic attitudes towards the ranking of skills.

The survey was carried out in January 2019. The questionnaire, divided into 18 questions on
eight pages, was launched on the Internet platform, and its link address was sent to civil engineers,
scientists and experts of building research and related fields, including project management, real estate
and construction, united at the Cooperative Network for Building Researchers (CNBR) Yahoo Group.

Respondents were asked to respond to two initial questions about their experience in the area
of research, ten further questions concerning importance and selection reliability of competencies
expected from circular economy managers in construction projects divided into six groups (basic skills,
complex problem solving skills, resource management skills, social skills, systems skills and technical
skills), and they had an opportunity to leave feedback about a matter of the study.

Later, received responses from the survey were incorporated into a model of recruitment.
The model is based on all 68 competencies—factors responsible for successful decision-making aimed
at selecting the best candidates for the CEMR posts in construction projects. As each such decision is
prone to risk, a multi-criteria decision-making procedure based on simulations, thus enabling one to
take into account risk factors, was considered as the most suitable in this phase of the research.

Another purpose of the survey was to determine the hierarchy of the requirements expected from
the potential CEMRs as well as to estimate the parameters of probability distributions, which reflect the
accuracy of meeting expectations with respect to the candidates’ reliability (R, probability of success)
of the selection. In literature, one can find many methods connected with different criteria weighting
techniques [52,62,69]. A level of possible deviations from predictions, that is, risk level (Ř, probability
of failure) was discovered simultaneously because, according to the reliability theory, the following
equation exists:

R = 1− Ř (1)

The term risk refers to variability in the outcome of decisions. Thus, if it is assumed that the
personnel selection based on given criteria is a decision made by someone who is responsible for a
recruitment process, then the risk may be understood as a difference between her/his expectations
to a candidate and its real performance. However, at the same time, this situation is associated with
particular levels of probability of occurrence. Most risk quantifications involve subjective judgement.
Different experts in the area might have quite different assessments of the same issue. On the basis of
the survey, there were collected probabilities of occurrence of the particular factor needed for the risk
analysis in the @Risk application. The analysis is a quantitative method that determines the probability
distributions of the outcomes resulting from decisions. This technique can be described in four steps:

1. Developing a model—problem definition in Microsoft Excel;
2. Identifying inputs and outputs—to set inputs, to specify their possible values with probability

distributions, and to define outputs that should be analyzed;
3. Analyzing the model with simulation—to run various scenarios with sampled values of inputs to

determine the probability distributions of outputs;
4. Making a decision—to make informed choices on the basis of the simulation results.

There are many methods of simulation, but of special interest are Monte Carlo (MC) simulations.
These comprise a powerful method to estimate the model results under risk factors. For this purpose,
there are needed values that are drawn in a random way from an input probability distribution. It is
performed repetitively until the total number of iterations finishes. This process is called sampling.
In the research, the Latin hypercube sampling method was used. It is designed to avoid the clustering,
and all values in the input distribution have a better chance at being sampled.
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The Monte Carlo simulation method of random variables is currently used in all branches of
empirical science. Its application in data analysis is generally based on the fact that operations on real
sets of measurement data (prone to an error) are carried out on—by imitating them—random sets
generated by a computer.

As a result of the simulation proposed in this paper, the probability distributions for individual
criteria for the assessment of candidates are obtained. Although the Monte Carlo simulation method
has been thus far used to analyze employee selection factors, its current applications in this area do not
refer to circular economy manager in construction projects, and, what is more, do not go deeper into
the structure of requirements for candidates, which was noticed in this work as necessary. Therefore,
the application of the Monte Carlo simulation to the risk analysis of CEMR selection—supporting
decision making—proposed in this article is, without any doubt, an innovative solution.

4. Criteria and Selection Model of CEMR

A role of CEMR is to mobilize team members and maintain good relations with all project
stakeholders, especially in matters related to all closed-loop production processes. The CEMR should
have the following competencies basically characterizing managers, i.e., communication (building
relationships, leadership), the strength of authority and negotiation (seeking compromises, treating
conflicts and crises as opportunities, not threats), as well as commitment and motivation (faith in the
project). However, the CEMR is a special type of manager for whom an ordinary level of competence
is not enough. Therefore, it is required to establish a unique competency framework that can be useful
for construction companies and other entities involved in construction projects executed according to
the CE principles, recruiting on posts of senior management staff responsible for CE issues.

Based on the literature, a list of criteria for CEMR in construction projects was specified. All criteria
were divided into basic, universal criteria (UC) and those related to construction industry-specific
criteria (SC). All of them are present in six groups adapted after Burger et al. [36], which are shown in
Table 2:

• Basic skills (BS): facilitate learning or self-development;
• Complex problem solving skills (CPSS): useful in solving different problems connected with a

project in complex, real circumstances;
• Resource management skills (RMS): enable efficient resource allocation in a project;
• Social skills (SLS): useful for managing people in achieving project goals;
• Systems skills (SSS): facilitate understanding, monitoring and development of the whole context

of a project;
• Technical skills (TS): useful for operating technical and technological aspects of a project.

Table 2. List of CEMR criteria for construction projects according to the literature.

Group Name of Criterion Type of
Criterion References

Basic skills (BS) Active learning UC [36]
Active listening UC [36]
Critical thinking UC [36]

Emotional resilience UC [86]
Learning strategies UC [36]

Mathematics UC [36]
Monitoring UC [36]
Motivation UC [86]

Reading comprehension UC [36]
Science (applicability to solve problems) UC [36]

Self-awareness UC [86]
Speaking UC [36]
Writing UC [36]
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Table 2. Cont.

Group Name of Criterion Type of
Criterion References

Complex problem
solving skills (CPSS) Achieving (management) UC [86,87]

Complex problem solving UC [36]
Intuitiveness UC [86]

Solve aesthetic and structural problems with limited supplied
components UC [88]

Strategic management competence and action competence UC [89,90]
Strategic perspective UC [86,87]

Understand failure mode and maintenance procedures UC [88]
Vision and imagination UC [86,87]

Resource management
skills (RMS) Management of financial resources UC [36]

Management of material resources SC [36]
Management of personnel resources SC [36]

Resource management SC [86,87]
Time management UC [36]

Understand logistics and distribution processes SC [88]
Understand processes for reverse and re-manufacturing SC [88]

Social skills (SLS) Conscientiousness UC [86]
Coordination UC [36]

Developing (management) UC [86,87]
Developing followers into leaders UC [87]

Empowering (management) UC [86,87]
Engaging communication UC [86,87]

Influence UC [86]
Inspire followers to go beyond their own interest UC [87]

Instructing UC [36]
Interpersonal competence UC [89,90]
Interpersonal sensitivity UC [86]

Negotiation UC [36]
Normative competence UC [89,90]

Persuasion UC [36]
Service orientation UC [36]

Social perceptiveness UC [36]

System skills (SSS) Critical analysis and judgement UC [86,87]
Embracing diversity and interdisciplinary competence UC [89]

Foresighted thinking or anticipatory competence UC [89,90]
Judgment and decision making UC [36]

Systems analysis UC [36]
Systems evaluation UC [36]

Systems thinking competence UC [89,90]
Understand factors of the use experience SC [88]

Understand product wear by use SC [88]
Understand user expectations and perception of value SC [88]

Technical skills (TS) Assess material physical and chemical properties SC [88]
Equipment maintenance SC [36]

Equipment selection SC [36]
Installation SC [36]

Operation and control SC [36]
Operation monitoring SC [36]

Operations analysis SC [36]
Programming (IT skills) UC [36]
Quality control analysis SC [36]

Repairing (ability) SC [36]
Technology design SC [36]

Troubleshooting (with operating errors) SC [36]
Understand engineering functions of the product SC [88]

Understand the service experience and how to design services SC [88]

UC, universal criteria; SC, specific criteria.
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All above 68 criteria (XBS,1, . . . , XTS,14) were analyzed through an expert assessment conducted
online. Additionally, a model of personnel selection with a reference level of assessment of a candidate
for CEMR in construction projects was created.

The @Risk application was used to perform Monte Carlo simulations of the proposed model.
In each group i = 〈1; 6〉, a deterministic mean was calculated. Then, simulation inputs were set, that is,
the definition of distributions and the number of iterations.

For all j-cases in each i-group, Bernoulli distribution was defined by RiskBernoulli(p) parameter,
which is used to model an event that either occurs with probability p (value 1) or does not occur with
probability 1 − p (value 0). Next, simulation outputs were added. They were cut-off scores (COSi)
calculated for each group in the following way:

COSi =

∑n
j = 1

(
Weighted average j × RiskBernoulli

(
Reliability j

))
n

(2)

Some crucial results of the conducted survey and the simulated model are presented in the further
part of the manuscript.

5. Results

The online survey included two basic parts. The first one contained two questions about the
respondent’s role played in professional life and her/his experience.

The largest number of respondents (31.71%) were scientists involved in research on engineering
economics, construction companies and related matters, followed by scientists of sustainability, circular
economy and related areas (21.95%), experts of circular economy, sustainable development and
construction industry (17.07% for each group), and others—five people related to the construction
industry or CE but not considered as experts were a minority of the sample (12.20%), as shown in
Figure 1.

A structure of the respondents regarding their experience and seniority in the profession is
presented in Figure 2.Symmetry 2020, 12, x FOR PEER REVIEW 11 of 26 
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Analyzing a professional practice of respondents (Figure 3), the largest was a group with over
15 years of experience (36.59%), then 5–10 years (31.71%), and the smallest had less than five years of
professional experience.
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Figure 3. Declared experience of the sample.

In the second part of the survey, there were proposed 68 factors important during the
decision-making process of recruitment on circular economy manager post in construction projects.
They were divided into six groups: basic skills, complex problem solving skills, resource management
skills, social skills, systems skills and technical skills.

The respondents assessed the importance of each factor, expressing the opinion numerically in
a five-point scale based on Likert’s approach to scaling responses in survey research: 1—strongly
not important; 2—almost not important; 3—medium importance; 4—important; 5—very important.
The collected dataset underwent a prioritizing process based on calculated weighted averages.

Table 3 presents the most important findings of the conducted research—the importance hierarchy
of the competencies demanded from CEMR and their average accuracy of meeting expectations with
respect to potential candidates.

Table 3. List of prioritised criteria for CEMR selection in construction projects according to the survey.

Factor Name of Criterion Weighted
Average Min Max Rank Reliability

X1,1 Motivation 4.41 1 5 1 81,48
X1,2 Critical thinking 4.37 1 5 2 81,11
X1,3 Active learning 4.19 1 5 3 81,11
X1,4 Monitoring 4.04 3 5 4 75,93
X1,5 Active listening 3.96 1 5 5–6 75,19
X1,6 Learning strategies 3.96 1 5 5–6 76,67
X1,7 Science (applicability to solve problems) 3.89 1 5 7 79,26
X1,8 Self-awareness 3.85 2 5 8 74,07
X1,9 Reading comprehension 3.81 2 5 9 71,85
X1,10 Emotional resilience 3.74 2 5 10 71,48
X1,11 Speaking 3.70 1 5 11 68,89
X1,12 Mathematics 3.56 1 5 12 71,48
X1,13 Writing 3.52 1 5 13 68,15
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Table 3. Cont.

Factor Name of Criterion Weighted
Average Min Max Rank Reliability

X2,1 Vision and imagination 4.48 2 5 1 78
X2,2 Strategic perspective 4.4 2 5 2 78
X2,3 CompleXproblem solving 4.36 3 5 3 78,8
X2,4 Achieving (management) 4.32 3 5 4 82,4

X2,5
Understand failure mode and maintenance

procedures 4.16 1 5 5 82

X2,6
Strategic management competence and action

competence 4.08 2 5 6 74,8

X2,7 Intuitiveness 4 2 5 7 73,2

X2,8
Solve aesthetic and structural problems with

limited supplied components 3.76 1 5 8 69,2

X3,1 Management of material resources 4.45 3 5 1–2 87,27
X3,2 Resource management 4.45 3 5 1–2 83,64
X3,3 Time management 4.32 3 5 3 81,82
X3,4 Management of personnel resources 4.27 3 5 4 83,64
X3,5 Management of financial resources 4.18 2 5 5–6 82,73

X3,6
Understand processes for reverse and

re-manufacturing 4.18 1 5 5–6 78,64

X3,7
Understand logistics and distribution

processes 4.14 2 5 7 76,36

X4,1 Developing (management) 4.21 3 5 1 78,42

X4,2
Inspire followers to go beyond their own

interest 4.11 2 5 2 74,21

X4,3 Coordination 4.05 2 5 3–5 76,32
X4,4 Empowering (management) 4.05 2 5 3–5 76,84
X4,5 Negotiation 4.05 3 5 3–5 78,95
X4,6 Engaging communication 4 2 5 6 74,74
X4,7 Conscientiousness 3.95 3 5 7–9 76,84
X4,8 Interpersonal competence 3.95 3 5 7–9 70
X4,9 Persuasion 3.95 3 5 7–9 74,74
X4,10 Influence 3.89 1 5 10–11 75,26
X4,11 Instructing 3.89 2 5 10–11 76,84
X4,12 Developing followers into leaders 3.84 1 5 12 75,26
X4,13 Interpersonal sensitivity 3.79 2 5 13–14 68,95
X4,14 Normative competence 3.79 3 5 13–14 76,32
X4,15 Service orientation 3.74 2 5 15 71,58
X4,16 Social perceptiveness 3.68 1 5 16 68,42

X5,1 Systems evaluation 4.32 3 5 1 80,53
X5,2 Critical analysis and judgement 4.26 3 5 2–3 78,42
X5,3 Systems analysis 4.26 2 5 2–3 77,89

X5,4
Foresighted thinking –or anticipatory–

competence 4.16 2 5 4–5 78,42

X5,5 Systems thinking competence 4.16 2 5 4–5 75,79
X5,6 Judgment and decision making 4.11 2 5 6 80

X5,7
Understand user expectations and perception

of value 4.05 2 5 7 75,79

X5,8
Embracing diversity and interdisciplinary

competence 3.89 1 5 8–9 73,16

X5,9 Understand factors of the use experience 3.89 1 5 8–9 74,74
X5,10 Understand product wear by use 3.84 1 5 10 74,74
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Table 3. Cont.

Factor Name of Criterion Weighted
Average Min Max Rank Reliability

X6,1 Operation monitoring 4.05 1 5 1 77,37
X6,2 Equipment selection 3.95 1 5 2 72,11
X6,3 Operation and control 3.89 2 5 3–4 74,21
X6,4 Operations analysis 3.89 2 5 3–4 77,37
X6,5 Quality control analysis 3.84 2 5 5–6 73,68
X6,6 Technology Design 3.84 1 5 5–6 68,42
X6,7 Programming (IT skills) 3.79 2 5 7–9 78,42
X6,8 Troubleshooting (with operating errors) 3.79 2 5 7–9 72,11

X6,9
Understand engineering functions of the

product 3.79 1 5 7–9 77,37

X6,10
Understand the service experience and how to

design services 3.74 1 5 10 74,74

X6,11
Assess material physical and chemical

properties 3.53 1 5 11–12 64,74

X6,12 Installation 3.53 1 5 11–12 70,53
X6,13 Equipment maintenance 3.47 1 5 13 67,89
X6,14 Repairing (ability) 3.37 1 5 14 70,53

The proposed 68 factors (Xi,j) may be useful for a recruitment process. In the next step, the criteria
divided into six groups were taken to further consideration.

Monte Carlo simulations of the proposed model were performed in the @Risk application.
For i-group, a deterministic mean was calculated, and for all j-cases in each i-group, Bernoulli distribution
was defined by RiskBernoulli(p) parameter in order to get probabilistic values. For example, “Operation
monitoring” skill was coded with formula RiskBernoulli(0.7737), which returned a Bernoulli distribution
with parameter 0.7737. This had a 77.37% chance of returning 1 (understood as a success, “skill observed”)
and a 22.63% chance of returning 0 (understood as a lack of success, “skill not observed”). A number of
iterations was set as 1000, which gave sufficient results (smoothed graphical results). Additionally, the
cut-off scores (COSi) were calculated for each group on the basis of Equation (2).

The aggregated results of the simulation are presented in Table 4. More details are given in
Appendix A.

Table 4. Monte Carlo simulation results.

Factors Cut-Off Score Group Deterministic Probabilistic

Mean Min Max Median

XBS,j Basic skills 3.923 0.895 3.923 3.023
XCPSS,j Complex problem solving skills 4.195 1.100 4.195 3.180
XRMS,j Resource management skills 4.284 1.194 4.284 3.667
XSL:S,j Social skills 3.934 1.487 3.934 2.954
XSSS,j Systems skills 4.094 1.610 4.094 3.263
XTS,j Technical skills 3.748 1.324 3.748 2.703

The simulation approach to assess the hierarchy of CEMR selection criteria gives significant
changes in the order of cut-off score groups used in the recruitment process of the right candidate for
this position. From a deterministic perspective, the order of these groups is as follows:

1. Resource management skills;
2. Complex problem solving skills;
3. Systems skills;
4. Social skills;
5. Basic skills;
6. Technical skills.



Symmetry 2020, 12, 50 14 of 25

According to the simulation results, after taking into account the reliability of the candidate’s
compliance with the relevant requirements, the rearrangement in the order of the score groups can
be observed:

1. Resource management skills;
2. Systems skills;
3. Complex problem solving skills;
4. Basic skills;
5. Social skills;
6. Technical skills.

The simulation data can be treated as a reference level of assessment of a candidate for CEMR in
construction projects. In the next section, some peculiar findings are described.

6. Discussion and Conclusions

For a simulation-based positioning of circular economy manager’s skills in construction projects,
it is necessary to use a specific approach. It requires a detailed recognition of the most important skills
needed in a given post. Besides, CEMR selection is a multi-criteria problem similar to the project
manager selection process [62]. On the basis of this similarity, a model of selection criteria for the
circular economy manager had to be built.

The most elevated requirements were observed for “Vision and imagination” (4.48), “Management
of material resources” (4.45), and “Resource management” (4.45), whereas some technical skills such
as “Equipment maintenance” (3.47) or the ability of “Repairing” (3.37) might be neglected. In fact,
these abilities are suitable for lower managers or workers rather than CEMRs. After aggregation,
the most important factors were grouped in “Resource management skills” (3.667 median), and the
least important were “Technical skills” (2.703) modeled on contemporary employees during simple
workshops or short training.

Circular economy manager selection appears as an important decision-making process in
construction companies interested in the CE implementation [37]. A high level of complexity of
issues related to CE makes that employment of the CEMR in construction projects seem inevitable.
Such a transition requires adapting the project organizational structure to this new approach and
selecting the right person to meet the detailed requirements connected with the post. A recruitment
phase is usually time-consuming and therefore quite expensive for construction companies; what is
more, it does not guarantee final success. The cut-offs, those being the results of the study, are the
points separating successful and unsuccessful performers according to a standard established by the
employer. Having a coherent model treated as a selection procedure pattern for the circular economy
manager, construction companies may avoid unnecessary costs and time wasted. This model was
presented in the article.

However, as always, there are different scenarios that may occur. One situation is observed when,
as a result of an assessment based on the proposed model, the true positives are obtained. They are
those who pass the selection test (beat the cut off scores in each group of factors), succeed on the job,
and who perform satisfactorily afterwards.

The opposite situation is observed when candidates are correctly rejected as a result of the
measurement, and there is a presumption—almost a certainty—that they would not be successful
employees anyway, thus they are called true negatives. The third scenario is observed when people
are rejected but would have performed well on the job if they had been hired. They are called false
negatives. Finally, false positives describe individuals who are selected for the post but do not turn out to
be a good choice. The research reveals that decision-makers can make more reliable selections in the
process of the CEMR recruitment provided that they take the approach proposed in the article.
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Due to lack of experience and case studies, it was quite difficult to identify selection criteria for
CEMR. Fortunately, the literature review brought several ideas that were confronted by a series of
expert assessments. The results of the research revealed that complex problem solving skills, resource
management skills, and system skills are very crucial in the CEMR selection process.

The main contribution of this article is the simulation-based positioning of skills of the circular
economy manager. It was based on quantified expert opinions. The first stage provided a list of criteria
that result from a deterministic approach. However, the results of the Monte Carlo simulation were
quite unexpected. Despite small numerical discrepancies, the hierarchy changed significantly. Only the
first (“Resource management skills”) and the last (“Technical skills”) groups of requirements stayed
in the same position. The other aggregate lists swapped the order in neighboring pairs. This was,
of course, due to the fact that the weights of individual skills are probabilistic, and the changing values
of the simulated variables resulted in a different average level. Regardless, the experts’ indications and
their sensitivity when assessing individual skills are important as well. From this point of view, the
selection of experts in the scientific process (see: conceptual phase, Figure 1) whose knowledge was
used to construct the model was extremely important.

All in all, this evident gap in knowledge of how to conduct a recruitment process to select the best
candidates on a circular economy manager post in construction projects was filled.

The symmetry, whose dual character was emphasized, should inspire decision-makers to take
appropriate actions. On the one hand, it should be remembered that the CE idea brings greater effects
when the CEMR works in an organization. On the other hand, the effectiveness of the CEMR is
greater if the idea of CE is thoroughly implemented and well known in the organization. The above
dependence determines how to search for solutions that guarantee the success of both the construction
project and the company that executes it.

Besides, it is reasonable to emphasize the meaning of the simulation model, which is especially
advisable for implementing new ideas. In this case, creating a new position in the structure of
construction projects can be treated as an innovative solution. The collected expert opinions brought a
number of ideas related to the specification of CEMR’s skills that need to be prioritized.

7. Limitations and Future Research Lines

As was explained previously, the topic of this manuscript was worthwhile for scientific analysis
even if we currently have an early stage of knowledge development in this area. The aim of the article
was to start a discussion on this, because the idea of employing CEMR is very innovative.

However, there are still several problems that should be solved in future research:

1. The proposed model can be checked by other probability distribution patterns. Which of them
are suitable, and how can one obtain reliable input parameters?

2. There might exist some correlations between factors. How can one measure them and implement
the proposed model?

3. There are other methods supporting multi-criteria decision making in the personnel selection
process. What other methods are suitable for the CEMR recruitment to construction projects?

4. What types of difficulties can managers face in a real-life selection of CEMR?

The survey should be continued to receive more experts’ opinions to increase the accuracy of its
results. It seems that some case studies may be helpful in confronting the theoretical approach of the
model; however, there are no common examples of hiring CEMR in construction projects, thus we
must wait for future research.

This study used a Monte Carlo simulation approach. The main contribution of this paper is
the identification of the prioritized criteria for selecting CEMR candidates to construction projects.
The proposed model gives six expert-based cut-off scores described by probability distributions.
The outcomes of the research can help in making more reliable decisions connected with the CEMR
selection process in construction projects.



Symmetry 2020, 12, 50 16 of 25

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

Appendix A

The detailed reports of the simulations are presented in Figures A1–A6. Each summary consists
of two elements: graphical results (histograms, distribution charts, tornado charts) on the left side as
well as numerical results (mainly statistics connected with the simulation) on the right side.Symmetry 2020, 12, x FOR PEER REVIEW 17 of 26 
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Figure A1 relates to “Basic skills” cut-off score group, whereas other Figures A2–A6 describe
results of: “complex problem solving skills”, “resource management skills”, “social skills”, “systems
skills” and “technical skills”, respectively.
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The probabilistic attitude changes the hierarchy of selection criteria for circular economy manager
in construction projects in comparison to the deterministic approach. From this point of view, a closer
look at the details of the simulation helps to understand the essence of this study.Symmetry 2020, 12, x FOR PEER REVIEW 19 of 26 
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73. Kabak, M.; Burmaoǧlu, S.; Kazançoǧlu, Y. A fuzzy hybrid MCDM approach for professional selection. Expert
Syst. Appl. 2012, 39, 3516–3525. [CrossRef]

http://dx.doi.org/10.1016/j.asoc.2011.10.004
http://dx.doi.org/10.1016/j.eswa.2009.12.013
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001400
http://dx.doi.org/10.3233/IFS-151562
http://dx.doi.org/10.5267/j.jpm.2017.1.004
http://dx.doi.org/10.1002/hfm.20553
http://dx.doi.org/10.1016/j.asoc.2008.09.003
http://dx.doi.org/10.1108/00251749810245336
http://dx.doi.org/10.3846/1392-8619.2008.14.462-477
http://dx.doi.org/10.1080/00207543.2013.774473
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000200
http://dx.doi.org/10.3846/13923730.2012.738707
http://dx.doi.org/10.1016/j.ijproman.2012.10.004
http://dx.doi.org/10.1016/j.cie.2010.09.004
http://dx.doi.org/10.1016/j.eswa.2012.01.100
http://dx.doi.org/10.1016/j.eswa.2011.09.042


Symmetry 2020, 12, 50 25 of 25
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