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Although the construction sector is an indispensable sector in meeting human needs, it also has negative
environmental and social effects. The construction industry has environmental impacts due to its
significant share in consuming scarce resources and big amount of greenhouse gas emissions to the
atmosphere. It is also a labor force-intensive industry. Due to the intensity of the labor force, ignoring
social concerns cause a negative social image. Consequently, taking sustainability into consideration for
construction projects is of great importance in terms of solutions to social and environmental problems.
Due to limited resources, it is not possible to implement every project for companies. The most suitable
projects are preferred among alternative projects. The problem of project portfolio selection (PPS) is an
important decision problem that companies frequently encounter. Many factors should be taken into
consideration for selecting projects. In many studies in the literature, the problem of PPS is addressed
only by considering economic criteria. In this study, the problem of PPS is addressed with sustainability
consideration. Considering sustainability, environmental and social factors have also been taken into
account besides economic factors. A hybrid fuzzy multi-criteria decision-making (FMCDM) approach has
been used due to uncertainties in the decision process. In the hybrid approach, the methods of Fuzzy
complex proportional assessment (F-COPRAS) and Fuzzy step-wise weight assessment ratio analysis (F-
SWARA) are used together. An application is conducted for a construction company.
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Siirdiiriilebilir proje portfoy secim problemine hibrit bulanik CKKV yaklasimi ve

bir insaat firmasi i¢in bir uygulama

0Z

Insaat sektorii insan ihtiyaglarimin karsilanmasinda vazgegilmez bir sektdér olmakla birlikte, olumsuz
cevresel ve sosyal etkileri olan bir sektérdiir. ingaat sektorti, kit kaynaklarin tiiketimindeki 6nemli pay1
ve atmosfere biiyiik miktarda sera gazi emisyonu nedeniyle cevresel etkilere sahiptir. Ayn1 zamanda
isgiicii yogun bir endiistridir. Isgiiciiniin yogunlugundan dolay: sosyal kaygilarin géz ardi edilmesi
olumsuz bir sosyal imaja neden olmaktadir. Dolayisiyla ingaat projelerinde siirdiiriilebilirligin dikkate
alinmasi sosyal ve gevresel sorunlarin ¢oziimii agisindan biiyiik 6nem tasimaktadir. Kaynaklarin kisith
olmasindan dolay1 her projeyi firmalarin hayata gecirmesi miimkiin degildir. Alternatif projeler arasinda
en uygun projeler tercih edilmektedir. Proje portfoy secimi (PPS), sirketlerin siklikla karsilagtigi 6nemli
bir karar problemidir. Proje segerken bir¢ok faktor dikkate alinmalidir. Literatiirdeki bir¢ok ¢alismada
PPS problemi sadece ekonomik Kkriterler dikkate alinarak ele alinmaktadir. Bu ¢alismada,
stirdiiriilebilirlik dikkate alinarak PPS problemi ele alinmistir. Surdirilebilirlik géz Oniinde
bulundurularak ekonomik faktorlerin yani sira ¢evresel ve sosyal faktorler de dikkate alinmistir. Karar
stirecindeki belirsizlikler nedeniyle bulanik bir yaklasim kullanilmistir. Problemin ¢6ziimi i¢in hibrit
bulanik ¢ok Kkriterli karar verme (CKKV) yaklasimi kullanilmaktadir. Alternatif projelerin
stirdiirtilebilirlik agisindan degerlendirilmesinde Bulanik karmasik orantili degerlendirme (F-COPRAS)
ve Bulanik adim adim agirhk degerlendirme oran analizi (F-SWARA) yontemleri birlikte
kullanilmaktadir. Onerilen yontem bir insaat firmasinda uygulanmistir.
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I. Introduction

The construction industry has a positive impact on human life quality. Most socio-economic needs can be
met by the buildings and infrastructure made by the construction industry. But industry has a significant
share in the consumption of scarce resources. The construction industry consumes 60% of raw material,
40% of energy and 12% of water. In addition, it causes more than 40% greenhouse gas emission (Goel et
al, 2019, p. 2). In addition, the construction industry is an indispensable industry in meeting human needs.
It is also the industry that provides the most employment. Because it is a labor-intensive industry, lack of
employee friendly practices and ignoring social concerns cause a negative social image. Almost half of
occupational accidents occur in the construction industry. Employees are exposed to a 50% higher risk of
occupational injury than in other large industries (Stanitsas et al., 2021, p. 3). Environmental and social
negative impacts are very common in developing economies where sustainability is not taken into account.
Governments, non-governmental organizations and civil society organizations put pressure on
construction companies to considering sustainability (Goel et al.,, 2019, p. 2). Sustainability is achieved by
taking into account triple bottom line (TBL) concerns in project management. It is aimed to reduce the
environmental and social problems encountered in the management of construction projects by taking into
account environmental and social factors as well as economic factors. However, despite the importance of
sustainability in the construction sector, decisions are still made by considering only economic factors in
many studies (Mavi & Standing, 2018, p. 751).

Today, many organizations work in a project-oriented manner. It is not possible for organizations to realize
all projects due to scarce resources. Organizations prefer the most suitable project(s) among alternative
projects. In the literature, the problem of project portfolio selection (PPS) is defined as determining the
most suitable project(s) among alternative projects compatible with the targets of the organizations
(RezaHoseini et al., 2020, p. 3). Effective decisions on the PPS problem is very important for organizations.
Because, as a result of choosing the wrong project portfolio, unnecessary usage or waste of resources of the
organization may be accured or the organization may lose profit or reputation. Organizations need to
evaluate alternative projects according to many different criteria in order to make a right decision on PPS
problem. In the evaluation process, the usage of non-analytical methods causes not making the right
decision on the PPS problem. Multi-criteria decision-making methods constitute the analytical methods
used in the evaluation of alternatives according to the criteria. In the PPS problem, the decision process can
be managed properly by using MCDM methods (Stanitsas et al.,, 2021, p. 3).

In this study, PPS problem is addressed considering sustainability. A methodology is proposed for the
sustainable PPS problem. The originality of the study is F- SWARA and F- COPRAS methods are hybridized
for the sustainable PPS problem for the first time. In addition, a fuzzy approach is addressed, and an
application is conducted for a construction company. The aim of this study is selecting the most suitable
project for the company considering sustainability. A methodology has been addressed for solving the
problem. In the methodology, FMCDM methods are used together. With the integrated approach, the
advantages of different methods have been utilized. The methodology can be applied by companies facing
similar problems. The determined criteria can be used for other MCDM methods for the problem of PPS.

The article consists of six sections. The first section is the introduction. In the second section, literature
review is given. In the third section, proposed methodology is presented. In the forth section an application
is carried out for a construction company. In the fifth section sensitivity analysis and manageral
implications are given. The last section is the conclusion section.

II. Literature Review

In the literature review studies about the problem of PPS were included. In addition, studies on F- SWARA
and F- COPRAS methods are given.

Khalili- Damghani and Sadi- Nezhad, suggested a decision support system for multi- objective sustainable
PPS problem (Khalili- Damghani & Sadi- Nezhad , 2013a, p. 1045). TOPSIS and fuzzy goal programming is
used for the solution of the problem. The method was applied for financial and credit institute. Khalili-
Damghani and Sadi- Nezhad, used F- TOPSIS and goal programming (GP) for sustainable PPS problem. An
application was presented for Iranian financial and credit institute (Khalili- Damghani & Sadi- Nezhad,
2013b, p. 339). Sanchez, suggested a methodology for sustainable PPS problem. Decision envelopment
analysis (DEA) is used for the solution of the problem (Sanchez , 2015, p. 319). Tofighian and Naderi,
proposed a mathematical model and ant colony algorithm for the multi- objective project selection and
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scheduling problem (Tofighian & Naderi, 2015, p. 30). Hosseininasab and Shetab- Boushehri, addressed the
project selection and scheduling problem for road construction projects. They proposed three different
mathematical model and heuristic algorithm (Hosseininasab & Shetab- Boushehri, 2015, p. 762). Huang et
al,, accepted some parameters as uncertain for the project selection and scheduling problem. Heuristic
algorithm was proposed to solve the problem (Huang et al., 2016, p. 1). Amirian and Sahraeian, proposed a
multi-objective mathematical model and heuristic for the problem. Some parameters were considered as
grey (Amirian & Sahraeian, 2017, p. 141). Shariatmadari et al,, considered the problem with resource
management problem. Gravitational search algorithm was applied to address problem. The objective
function was cost minimization and the problem was handled for a single objective function (Shariatmadari
etal, 2017, p. 39). Kudratova et al., suggested a mathematical model for sustainable project selection and
scheduling problem with reinvestment strategy. An industrial application was presented (Kudratova et al.,
2018, p. 469). Kumar et al.,, proposed Tabu Search algorithm for the problem. Problem has single objective
function. Interdependencies between projects were taken into account (Kumar et al,, 2018, p. 121). Mavi
and Standing, suggested a methodology for sustainable PPS problem. Fuzzy DEMATEL and ANP were used
for the solution of the problem. An application was presented for the construction projects (Mavi &
Standing, 2018, p. 751). Shafahi and Haghani, assumed that some projects have phases for the project
selection and scheduling problem. The objective function was maximization of the net present value. The
dependency between different phases in a project was taken into account. Heuristic and mathematical
models were proposed for the problem (Shafahi and Haghani., 2018, p. 47). Perez et al., considered fuzzy
parameters for the problem. They took into account different relationships between projects such as
synergies, incompatibilities, time order etc. An application was made for Spanish state university (Perez et
al,, 2018, p. 117). Habibi et al., proposed multi- objective heuristic algorithms for the problem with material
ordering. An application of the method is presented for trackbed construction projects (Habibi et al., 2019,
p. 690). Nemati- Lafmejani et al.,, proposed a heuristic algorithm for multi- mode project selection and
scheduling problem. Objective functions were minimization of the total cost and makespan of the project
(Nemati- Lafmejani et al., 2019, p. 105). Song et al,, accepted criteria weights as uncertain for the multi-
objective project selection and scheduling problem. Stochastic multi-criteria acceptability analysis method
was suggested for the solution of the problem. An application was made for a hospital (Song et al., 2019, p.
793). Wu et al,, used FMCDM method and zero- one programming model to sustainable renewable energy
project selection and scheduling problem. A case study was carried out for a power generation enterprise
(Wu et al,, 2019, p. 69). Sarnataro et al., proposed a multi- objective optimization model for the problem.
The application was made for urban planning projects (Sarnataro et al.,, 2020, p.1). Miralinaghi et al,,
examined the problem of urban road project selection problem. The problem was formulated as a bi- level
programming (Miralinaghi et al., 2020, p. 580).

Some problems that the F-SWARA method has been successfully implemented are evaluating solutions to
supply chain management problems (Agarwal et al.,, 2020, p. 1), designing a sustainable airport (Kaya &
Erginel 2020), selection of third-party reverse logictics provider (Zarbakhshnia et al, 2018, p. 307),
evaluation of construction equipment (Ghorabaee et al., 2018, p. 32) and assessing the key challenges of
digital health interventions (Mardani et al., 2020, p. 1).

COPRAS has been successfully applied in solving different problems such as ranking of renewable energy
sources (Alkan & Albayrak, 2020, p. 712), selection of strategy for wind farms (Dhiman et al,, 2020, p. 1),
roll-up site selection (Schitea et al., 2019,p. 8585), healthcare evaluations (Mishra et al,, 2020, p. 1).

I1I. The Proposed Methodology

F-SWARA and F-COPRAS methods are used in the evaluation of alternative projects according to
sustainability. Fuzzy logic was taken into account due to the uncertainty in the evaluation process. The
criteria and sub-criteria are weighted using F- SWARA method. The F-COPRAS method is used to evaluate
the alternatives according to the criteria. The use of fuzzy logic is more recommended than deterministic
models due to the uncertainty of the decision maker is taken into account. The criterion weights obtained
from the F- SWARA method are taken into account for the application of F- COPRAS. Today, many multi-
criteria decision-making methods are available in the literature. Choosing the right methods significantly
affects the success in the decision process. F- SWARA and F- COPRAS methods are suitable for hybrid usage
and were chosen among other methods considering the advantages of the methods. In SWARA, the number
of comparisons is less than other MCDM methods such as AHP. There is no need to check the consistency
of judgements. COPRAS is suitable to use in a fuzzy approach. It takes into account the ratios of the best and
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worst solution simultaneously, and the rank of the alternatives can be obtained in less time. The

representation of the approach is given in Graph 1.

Graph 1: Hybrid Usage of F- SWARA and F- COPRAS
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F- COPRAS

Definition: In fuzzy set theory, conversion scales are used to transform linguistic variables into fuzzy
numbers. Fuzzy numbers and linguistic expressions are given in Table 1 (Zadeh, 1965, p. 338).

Table 1: Triangular fuzzy numbers and linguistic variables

Linguistic variable TFN
Extremely unimportant (0;0;0,1)
Not very important (0;0,1;0,3)
Not important (0,1;0,3;0,5)
Fair (0,3;0,5;0,7)
Important (0,5;0,7;0,9)
Very important (0,7;0,9;1)
Extremely important (0,9;1;1)

IILIL. Fuzzy SWARA

The SWARA method was proposed by (Kersuliene et al., 2010, p. 243). It is a successful multi- criteria
decision making (MCDM) method especially used for weighting evaluation criteria. Due to imprecise and
vague information, SWARA can be organized with a fuzzy approach. Steps of the F- SWARA is given below

(Kaya & Erginel, 2020, p. 2):
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Step 1: By considering decision making (DM) team, criteria and sub-criteria are sorted from the most
important to the least important. The first criterion is the most important, while the last criterion is the
least important.

Step 2: Starting with the 2nd place criterion, the comparison of the criteria j with the previous criteria (j-
1) is made by taking into account Table 1. This value is expressed as S‘j.

Step 3: Calculate the fuzzy coefficient, Ich using Equation 1.

9 SO 1
TS+ j>1 S

Step 4: Compute §g; values for each criterion using Equation 2.

1; j=1
CAIj:{Q{__l; ji>1 (2)

kj

Step 5: Calculate fuzzy weight (W;) of the each criterion using Equation 3.

~ 4j

Wi= Zﬁ; ax (3)

Step 6: Defuzzification of the W; using Equation 4.
1oy

w; =§(wja+wj 5+W;,) (4)

IILIL Fuzzy COPRAS

COPRAS, is one of the MCDM method proposed by (Zavadskas et al., 1994, p. 131). COPRAS method is used
in the evaluation of alternatives in an efficient way (Alkan & Bayrak, 2020, p. 712). Fuzzy COPRAS (F-
COPRAS) method has been proposed to remove uncertainty in the decision process.

In the COPRAS method, criterion weights are taken into account. In the scope of the study, criterion weights
were determined by the F-SWARA method. Steps of the F- COPRAS (Schitea et al,, 2019, p. 8585):

Step 1: Construction of fuzzy decision matrix

With number of m alternatives and number of n criteria, X;; denotes fuzzy performance value obtained
from the evaluation of alternative i according to the criteria j. The triangular fuzzy number X;; consists of
the parameters ¥; = (xl-’j, x{7,%;;) and given in the Table 2 (Zadeh, 1965, p. 338). X decision matrix consisting
of fuzzy performance values of ¥;;.

Table 2: Triangular fuzzy numbers and linguistic variables

Linguistic variables TFN
Very poor (0,0,1)
Poor (0,1,3)
Little poor (1,3,5)
Fair (3,57)
Little good (5,7,9)
Good (7,9,10)
Very good (9,10,10)
fll flz e fln
- X x - X .
X= [Xij]m*n= 21 22 Zn v L]
Xmi Xma o X
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In case of for more than one decision maker, parameters belonging to group performance value are given
Equations (5-7).

1_ l

Xij= mkm{ xijk} (5)
1

xir;l=§ II$=1 xir;lk (6)

x}"]: m]éalx{ xl-“jk} (7)

Step 2: Construction of decision matrix

The fuzzy numbers that make up the decision matrix are converted into crisp numbers and the decision
matrix is formed with exact values. Best Nonfuzzy Performance (BNP) was used to transform fuzzy
numbers (see Equation 8).

(Gt Gt
x; =t . Y + x;; (8)
Step 3: Construction of normalized decision matrix

Normalized decision matrix is constructed with the Equation 9.

% = g 9)

m
Xty xij

Step 4: Construction of weighted normalized decision matrix by the Equation 10.

Step 5: Calculation of total weighted normalized values based on benefit and cost measures by Equations
11 and 12.

Spi=Dfo1 Ry Vi (11)
S_i = Yjcksr Xy Vi (12)
denote weighted normalized performance values with benefit and cost criteria, respectively.

Xy and X_;

Step 6: Calculation of relative importance values by the Equations 13 and 14.

Q.:ng..;.M%ls-i Vi (13)
i 3 S—izﬁl(%im)

S—minzmiin{s—i} (14)

Step 7: Calculation of performance index values by the Equation 15.

Pi= %] x 100v i (15)

Qmax

Step 8: Evaluation of alternatives according to P; values.
An alternative preference order is obtained by ordering the obtained P; values in descending order.

IV. An Application in a Construction Company

The methodology has been applied in a project-oriented company that has been operating for the
construction industry for nearly 25 years. Company's head office is in Ankara. The company does not only
provide service in Ankara. It takes on projects from different cities and countries. The company has the aim
of being a company that respects people and nature. Therefore, sustainability is an important criterion for
the company.
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The company also attaches importance to sustainability as a new strategy while evaluating projects. Thus,
the application was not only carried out to demonstrate the effectiveness of the methodology, but it was
also aimed to make a decision in accordance with the new strategy of the company. It is aimed to solve the
PPS problem of it. Each step of the methodology has been implemented in this section.

IV.1. Determination of the Criteria

First of all, a decision making (DM) team is formed to determine evaluation criteria and evaluate the
alternatives. DM team consists of 2 project managers, 2 academicians and 1 project employee. The criteria
and sub-criteria determined by considering the literature and DM team opinions and given below.
Accordingly, there are 3 main criteria as economic, environmental and social criteria. Criteria and sub-
criteria are given below.

Environmental criteria (C1)

Usage of the environmentally friendly products (C11) refers to products are designed with the concern
of reducing environmental impact throughout their life cycle by extracting and acquiring of raw materials.
High usage of environmentally friendly products is preferred.

Green transportation (C12) refers to considering environmental issues in transportation such as clean
fuel, etc. The greener transportation during a project, the better the score of the project.

Waste management refers to (C13) decrease the amount of resources consumed, confirm that resources
that are taken from nature are reused as many times as possible and that the amount of waste is kept to a
minimum.

Economic criteria (C2)

Coordination of project implementation by organizational strategy (C21) refers to the compatibility
of the project with the areas that the company serves and contributing to the organization's goals.

Possibility of success (C22) refers to the satisfaction of the expectation of the client and the company by
the completion of the project. The aim is to choose projects that will provide customer satisfaction as much
as possible. In addition, projects that will have a positive impact on the company's reputation are preferred.

Internal return rate (C23) refers to the profitability of potential investments. The internal return rate is
desired to be higher by the companies.

Social criteria (C3)

Employee satisfaction (C31) refers to long- term and short term benefits of employee, such as creating a
work environment where employees have decision- making power and creating a business environment
where they can develop themselves professionally in different fields.

The positive social impact of project implementation (C32) refers to the social contributions of project
outputs within the company and in society. The high positive social impact of projects is one of the reasons
for preference.

Employee health and safety (C33) refers to the working conditions of the employees throughout the
project in terms of safety and health. Projects in which all kinds of safety of employees are ensured during
the project are preferred.

IV.IL. Determination of Criterion Weights Using F- SWARA

F- SWARA is used for determination of the criteria weights.

Step 1. Sort criteria and sub- criteria according to importance level

Criteria and sub- criteria are sorted in a descending order by taking into account DM team opinions.

Step 2. Comparison of the criteria j with the previous criteria (j-1)

Bektur, A hybrid fuzzy MCDM approach for sustainable project portfolio selection problem and an application for a
construction company
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The criteria are compared with each other, taking into account Table 1. Comparison results are denoted as
§]- and given in Table 3.

Step 3: Calculate the fuzzy coefficient (lch) values using Equation 3. I%- values are calculated and given in
Table 3.

Step 4: Calculate §; values using Equation 4. §; values are calculated and given in Table 3.

Step 5: Calculate fuzzy weight (W;) using Equation 5. w; values are calculated and given in Table 3.

Step 6: Defuzzification of the w; values using Equation 6. wjvalues are given in Table 3.

Alternatives are compared considering the w; values using F- COPRAS.

Table 3. Calculations of F- SWARA

=~

=~

~

Sub- 5 k; of W; w;
Criteria

C13 (1,1,1) (1,1;1) (0.189;0.278;0.364) 0.277
C11 (0.1;0.3;0.5) (1.1;1.3;1.5) (0.666;0.769;0.909) (0.172;0.214;0.242) 0.209
C12 (0.3;0.5;0.7) (1.3;1.5;1.7) (0.392;0.512;0.699) (0.132;0.142;0.143) 0.139
C22 (0.3;0.5;0.7) (1.3;1.5;1.7) (0.230;0.341;0.537) (0.084;0.095;0.102) 0.093
C23 (0;0.1;0.3) (1;1.1;1.3) (0.177;0.310;0.537) (0.064;0.086;0.102) 0.084
C21 (0.1;0.3;0.5) (1.1;1.3;1.5) (0.118;0.239;0.489) (0.043;0.066;0.092) 0.067
C33 (0.3;0.5;0.7) (1.3;1.5;1.7) (0.069;0.159;0.376) (0.025;0.044;0.071) 0.047
C32 (0;0.1;0.3) (1;1.1;1.3) (0.053;0.144;0.376) (0.019;0.040;0.071) 0.043
C31 (0.1;0.3;0.5) (1.1;1.3;1.5) (0.035;0.111;0.341) (0.013;0.031;0.064) 0.036

The higher criterion weight indicate that the criterion is important. The criteria are ranked according to
importance in Table 3.Considering Table 3, it is seen that the most important criteria are those related to
environmental. The most important criterion is C13 criterion and its weight is 0,277. According to
importance, environmental criteria are followed by economic and social criteria.

IV.III. Evaluation of Alternatives Using F- COPRAS
Step 1: Construction of fuzzy decision matrix

The evaluation of alternatives according to the criteria was made in accordance with Table 2 by DM team.
The obtained results are converted into a single value by considering Equation 5, 6 and 7. The obtained
fuzzy decision matrix is given in Table 4.

Table 4: Fuzzy decision matrix

Alt. Criteria
C11 C12 C13 C21 C22 C23 C31 C32 C33

1 (1 3 03 510 4 03 703 5|03 704 903 7103 9
210 2 0 3 10(0 1 03 100 5 10|0 5 10|0 5 100 4 10|0 5 10
310 2 01 3 (01 02 703 703 703 9|03 10/0 2 9
4106 10(3 8 100 6 10|0 5 105 9 100 7 10|3 8 100 5 105 8 10
503 710 2 062 703 9|02 5|01 5|01 3|02 5|0 2 5
6 17 9 10 |5 7 58 10|3 7 10|5 7 10|5 8 10|5 8 10 |1 7 10|5 8 10
7115 10|15 37 1013 7 101 5 103 5 9|0 5 10|1 6 100 6 10
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Step 2: Construction of decision matrix

The fuzzy numbers are converted to crisp numbers using Equation 10 and the decision matrix is given in

Table 5.

Table 5: Decision Matrix

C11 C12 C13 C21 C22 C23 C31 C32 C33
1 3 2.534 4.4 3.33 2.53 3.47 4.4 3.2 4
2 2.934 4.2 2.13 4.2 5 4.87 5.13 4.73 5.13
3 2.267 1.334 1.33 3.07 3.2 3.33 4.13 4.2 3.73
4 5.267 6.934 5.4 5.13 7.87 5.67 6.93 5 7.73
5 3.334 3.734 3.07 3.87 2.27 2.13 1.33 2.4 2.27
6 8.667 7 7.6 6.8 7.47 7.73 7.6 6 7.73
7 5.467 5 6.67 6.53 5.33 5.8 5 5.6 5.4

Steps 3 and 4: Construction of normalized decision matrix and weighted normalized decision matrix

Decision matrix is normalized using Equation 9. Weighted normalized decision matrix is constructed using
Equation 10 and given in Table 6.

Table 6: Weighted normalized decision matrix

C11 C12 C13 C21 C22 C23 C31 C32 C33
1 0.021 0.012 0.04 0.008 0.008 0.01 0.006 0.005 0.007
2 0.01 0.01 0.01 0.005 0.008 0.007 0.003 0.004 0.004
3 0.016 0.006 0.012 0.007 0.01 0.009 0.005 0.006 0.006
4 0.018 0.016 0.025 0.006 0.012 0.008 0.005 0.004 0.006
5 0.022 0.016 0.027 0.008 0.007 0.006 0.002 0.004 0.004
6 0.037 0.02 0.043 0.01 0.014 0.014 0.006 0.006 0.008
7 0.025 0.016 0.041 0.01 0.011 0.011 0.004 0.006 0.006

Step 5,: Calculation of S,; and S_; using Equations 11 and 12. Due to all criteria are benefit type criteria,

S_; values are equal to zero.

Step 6: Q; values are calculated using Equation 13. Due to all S_; values are equal to zero, Q; values are

equal to S,; values and given in Table 7.

Step 7: P; values are calculated by Equation 15. And given in Table 7.

Table 7: Relative importance and index values

Alternatives Q; P;

1 0.111 0.729
2 0.057 0.374
3 0.074 0.484
4 0.097 0.636
5 0.091 0.598
6 0.153 1

7 0.125 0.822

P; shows the sustainability score of each alternative. According to Table 7, Project 6 is the most suitable
project for the company. The rank of the projects is Project 6, Project 7. Project 1, Project 4, Project 5,
Project 3, Project 2.
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Table 8: Weights of the criteria for each scenario

Sensitivity Analysis
Sensitivity analysis was conducted to examine the effect of the different criterion weights on the rank of
the alternatives. For this purpose, different criterion weights were determined for 10 different scenarios.
The current situation and each scenario are denoted by CS and Sci (i = 1,..., 10), respectively. Criteria
weights for each scenario are given in Table 8. All scenarios were evaluated with the F-COPRAS method.
The obtained index values for each scenario are given in Graph 2 and Table 9.

Scenario C11 C12 C13 C21 C22 C23 C31 C32 C33

CS 0.209 0.139 0.277 0.067 0.093 0.084 0.036 0.043 0.047

1 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111

2 0.18 0.11 0.25 0.07 0.12 0.09 0.05 0.06 0.07

3 0.17 0.11 0.23 0.08 0.11 0.11 0.06 0.06 0.07

4 0.15 0.12 0.2 0.1 0.1 0.12 0.07 0.06 0.08

5 0.067 0.093 0.084 0.036 0.043 0.047 0.209 0.139 0.277

6 0.036 0.043 0.047 0.209 0.139 0.277 0.067 0.093 0.084

7 0.036 0.043 0.047 0.067 0.093 0.084 0.209 0.139 0.277

8 0.209 0.139 0.277 0.036 0.043 0.047 0.067 0.093 0.084

9 0.277 0.139 0.209 0.043 0.036 0.047 0.084 0.067 0.093
10 0.043 0.036 0.047 0.093 0.067 0.084 0.277 0.209 0.139

Table 9: Index values of the alternatives for each scenario

Alternatives CS Scl Sc2 Sc3 Sc4 Sc5 Sc6 Sc7 Sc8 Sc9 Sc10
1 0.729 0.766 0.748 0.751 0.755 0.833 0.756 0.831 0.765 0.745 0.842
2 0.374 0.466 0.405 0412 0424 0484 0.501 0505 0.390 0.387 0.511
3 0.484 0.625 0.526 0.537 0.553 0.690 0.677 0.731 0.508 0.514 0.752
4 0.636 0.679 0.646 0.647 0.653 0.719 0.664 0.726 0.638 0.632 0.717
5 0.598 0.576 0.593 0.589 0.589 0.533 0.562 0.517 0.603 0.595 0.522
6 1 1 1 1 1 1 1 1 1 1 1

7 0.822 0.817 0.822 0.821 0.821 0.789 0.838 0.792 0.820 0.794 0.807

Table 10: Rank of the alternatives for each scenario

Scenario Rank of the alternatives
CS 6,7,1,4,5,3,2
1 6,7,1,4,3,5,2
2 6,7,1,4,5,3,2
3 6,7,1,4,3,5,2
4 6,7,1,4,5,3,2
5 6,1,7,4,3,5,2
6 6,7,1,3,4,5,2
7 6,1,7,3,4,5,2
8 6,7,1,4,5,3,2
9 6,7,1,4,5,3,2
10 6,1,7,3,4,5,2

According to Pi values, rank of the alternatives are given in Table 10. The most suitable project in each
scenario is Project 6. There have been minor changes on the performance index values according to the
scenarios. Considering the sensitivity analysis, the company should choose the 6th project among
alternative projects. Except for number of 3 scenarios, the 7th project can also be evaluated in the second

sequence.
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Graph 2: Index values of the alternatives for each scenario
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V. Conclusions

Although the construction sector is an indispensable sector in meeting human needs, it has negative effects
on the environment. In addition, due it is a labor-intensive sector, employees' social rights cannot be
ignored. In this study, the PPS problem has been handled by considering sustainability. By considering
sustainability, environmental and social factors are also taken into account as well as economic factors.
Organizations consider many factors when choosing their project portfolio. Different criteria are taken into
account in the selection of projects among different alternative projects. For this reason, the PPS problem
can be solved by using multi-criteria decision making methods. A fuzzy approach was taken into account
due to the uncertainties in the decision process. Different multi-criteria decision making methods can be
used as a hybrid in order to take advantage of different methods. In this study, the PPS problem has been
solved by using fuzzy hybrid multi-criteria decision making methods. F-SWARA and F-COPRAS methods
are used together to solve the problem. An application has been made for a construction company. As a
result, the rank of alternative projects is presented to the decision maker. Resource management of the
organization is not taken into account in the proposed methodology. Considering the resources of the
organization, the optimal solution of the project portfolio selection problem can be found by mathematical
modeling. Within the scope of the study, the problem of project portfolio selection was handled alone. A
solution can be obtained by considering the project portfolio selection and project scheduling problem in
an integrated manner. The proposed methodology can also be applied by other companies facing the PPS
problem. In future studies, also the methodology can be applied for different sectors.
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