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Abstract. In the real estate sector, sustainability assessment tools enable the transition to buildings with lower impacts on the environment,
the economy and the society. A variety of multi-criteria decision-making (MCDM) methods has been proposed to address this problem.
There is, however, no consensus on the method to be used in each assessment case. The paper presents an empirical application and
comparison of two different MCDM approaches SAW (Simple Additive Weighting) and TOPSIS (Technique for Order Preference by
Similarity to an Ideal Solution) to assessing the sustainability of a real estate project. 18 sustainability criteria weighted by experts formed
the basis of sustainability assessment of a real estate project. The results of the study revealed a significant difference between the ranks
obtained by SAW and TOPSIS. Moreover, the results of the MCDM sensitivity analysis showed that the TOPSIS method is more sensitive
to changes in baseline data than the SAW method.
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1. Introduction

More than 30 years after the 1987 Brundtland Commission report, sustainability and its assessment have gained
global recognition. Brundtland and subsequent reports (ICLEI 1994) promoted a holistic approach to sustainable
development, taking into consideration economic, environmental and social effects. However, a review of the
recent scientific literature shows a growing tendency to extend the concept of sustainability beyond three main
dimensions (Vogt and Weber 2019; Purvis et al. 2019; Danish and Senjyu 2020; Venturini et al. 2020). This is
reflected by increasing attention to the technological dimension, which plays an important role in developing new
technologies that can minimize the impact on climate change and positively contribute to clean energy generation
and consumption (Nowotny et al. 2018; Bulbul et al. 2018). All of this is of great relevance for the real estate

180


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2021.8.4(10)
http://jssidoi.org/esc/home
mailto:2anastasija.pozniak@vilntech.lt
http://doi.org/10.9770/jesi.2021.8.4(10)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2019 Volume 6 Number 4 (June)
http://doi.org/10.9770/jesi.2019.6.4(10)

sector, as it is responsible for approximately 40% of energy consumption and 36% of CO2 emissions in the
European Union. In this paper, therefore, in order to assess the sustainability of a real estate project, the authors
expand the concept of sustainability with the technological aspect.

Sustainability assessment is defined as a process by which decision-making is geared towards sustainability
(Bond and Morrison-Saunders 2011, Zimek and Baumgartner 2019). Most authors agree that sustainability
assessment is a multidimensional problem (Tupénaité et al. 2018). Therefore, sustainability-focused systems and
assessment methods are developed (Dobrovolskiené 2016, Tupénaité et al. 2018). Among all certification systems
and methods of sustainable building evaluation, the most popular ones are DGNB (German Sustainable Building
Council), LEED (Leadership in Energy and Environment Design), and BREEAM (Building Research
Establishment Environmental Assessment Method) (Li et al. 2017). These methods are based on a defined set of
criteria, which are rated according to the criteria importance factor. These methods, however, are often criticized
for ignoring economic and social concerns. Furthermore, some of these methods do not prioritize sustainability
criteria with a view to facilitating decision-making (Dréjeris and Kavolynas 2014; Tupénaité et al. 2018). The
literature analysis also shows that sustainability indicators are effectively used to assess sustainability in the
decision-making process (Dahl 2012; Pinter et al. 2012; Singh et al. 2012; Waas et al. 2014; Pereira 2015;
Dobrovolskiené and Tamositniené 2016). A wide variety of sustainability indicators have been developed for
different stakeholders and applied in different contexts worldwide, using a broad range of methodologies (Dahl
2012; Pinter et al. 2012; Singh et al. 2012; Waas et al. 2014; Oliveira et al. 2016; Dobrovolskiené 2016; Ruiz et
al. 2018; Kaklauskas et al. 2018; Chen et al. 2019; Dobrovolskiené et al. 2019; Bithas 2020; Liitje and
Wohlgemuth 2020; Mohanty et al. 2020; Reid and Rout 2020; Binder et al. 2020; Carvalho et al. 2020). Thipparat
and Thaseepetch (2013) presented a sustainability index, which was computed using VIKOR (in Serbian:
Visekriterijumsko Kompromisino Rangiranje). This index is used to assess a sustainable research project.
Dobrovolskiené and Tamositiniené (2016) proposed to measure the sustainability of a construction project by a
composite index, which was developed using the SAW method. The index is composed of 15 sustainability
criteria (four economic, five social and six environmental), which were rated as most important by construction
practitioners. Arbolino et al. (2018) used the SAW method and the Principal Component Analysis model for
designing the Industrial Environmental Sustainability Index. Krajnc and Glavic (2005) presented a model for
constructing a composite sustainable development index that outlines company performance with regard to all
three dimensions of sustainability, using analytic hierarchy process (AHP) to obtain the weights of the indicators.
The sustainability sub-indices are then aggregated into the composite sustainable development index using the
weighted average. Wang et al. (2012) proposed a novel method for developing a mixed model, which enables a
comprehensive and objective integration of numerous criteria into a composite indicator using TOPSIS. Escrig-
Olmedo et al. (2017) adopted fuzzy TOPSIS to assess environmental, social and governance performance of
companies. Firstly, synthetic indicators for each area of corporate sustainability have been elaborated and,
secondly, investor preferences relating to environmental, social, governance and financial areas have been
integrated to design a unique investment decision solution. Dobrovolskiené et al. (2019) designed a composite
sustainability index for real estate projects, made up of 21 sustainability criteria (five economic equality, eleven
environmental protection, and five equity indicators). The index was developed using the SAW method.
Therefore, the use of MCDM methods is appropriate in the context of sustainability assessment, given their ability
to aggregate numerous sustainability indicators into a single score (Tupénaité et al. 2018, El Gibari et al. 2019).

The aim of this article is to determine which MCDM method is better suited to assess the sustainability of a real
estate project. These methods are (1) SAW (Simple additive weighting), and (2) TOPSIS (Technique for order
preference by similarity to an ideal solution).

The article is structured in sections. Section 2 gives an overview of MCDM methods, together with sensitivity
analysis on MCDM methods. In Section 3, a real estate sustainability index is constructed by means of two
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MCDM methods, and sensitivity analysis on these methods is carried out. The paper is finished with a number of
conclusions in Section 4.

2. Research methodology

This section gives an overview of multi-criteria decision-making methods, a focus on the two MCDM methods
adopted in this study (namely, TOPSIS and SAW). Moreover, this section also describes sensitivity analysis.

2.1. Overview of multi-criteria decision-making methods

Decision-making processes based on multiple criteria are commonly referred to as MCDM. Given their
multidisciplinary nature, MCDM methods provide decision-makers with useful tools in the decision-making
process (Tagabat and Ozkan 2020). The choice of a multi-criteria decision-making method must take account of
such issues as problem complexity, uncertainty rate, data type, and decision-maker preferences (Sabaei et al.
2015; Pasha et al.2020).

MCDM methods fall into two major groups (Zavadskas et al. 2014; Mardani et al. 2015; Dobrovolskiené et al.
2019; Jamei R. 2020):
o Multi-Objective Decision-Making (MODM) methods: An optimization problem is solved with an
objective function while evaluating certain constraints.
e Multiple-Attribute Decision-Making (MADM) methods: Decision-making is intended for discrete
comparison of alternatives.

MADM  methods address problems with a discrete set of possible alternatives
(A=A, A5, ... A, ..., Ay). Alternatives mean possible different and targeted decisions specified by
certain indicators (X = Xy, X,,..., X;,..., X,). These indicators reflect certain attributes of the
alternatives, each of them describing one attribute of an alternative (Turskis et al. 2009; Liou and Tzeng

2012; Zavadskas et al. 2014; Yin and Shyur 2019).

MADM consists of the following steps (Turskis et al. 2009, Dobrovolskiené 2016): (1) development and selection
of objective-related alternatives; (2) selection and analysis of criteria specifying the alternatives and rejection of
related indicators; (3) selection of the key criteria and elimination of non-essential criteria; (4) determination of
weights (significance) for each criterion; (5) aggregation of the criteria describing the alternatives; (6) selection of
values of the criteria; (7) assessment the alternatives on the basis of the aggregate values of the criteria by
applying a multi-objective function; (8) application of adopting a normative analysis method; (9) selection of the
most acceptable alternative; and (10) where none of the alternatives are acceptable, other alternatives are sought,
data collected, and the assessment cycle repeated for other alternatives, collecting data, and repeating the
assessment cycle.

Such problems are usually solved in a matrix form. First, a problem-solving matrix is constructed with as many
rows as the number of alternatives and as many columns as the number of criteria. The decision matrix is
normalized so that numerical values of criteria have no measurement units. Then, the normalized decision matrix
is assessed, i.e., the value of each criterion is multiplied by the significance of the corresponding criterion. The
sum of the weights of the criteria must be equal to one (Dobrovolskiené 2016).

Based on the type of initial data used for the ranking of alternatives, MADM methods are divided into

deterministic, stochastic and fuzzy set theory methods. MADM methods can also be classified on the basis of the
number of decision-makers involved in decision-making. Taking into account the number of decision-makers,
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these include individual and group decisions (Simanaviciené¢ 2011). Moreover, MADM methods are also
classified according to information about indicators provided by the decision-maker (Zavadskas and Turskis
2011, Simanavi¢iené 2011, Dobrovolskiené 2016).

A wide range of MADM methods is currently used: GM (Geometric Mean), SR (Sum of Ranks), AHP (Analytic
Hierarchy Process), SAW (Simple Additive Weighting), TOPSIS (Technique for Order Preference by Similarity
to an Ideal Solution), VIKOR (in Serbian: Visekriterijumsko Kompromisino Rangiranje), COPRAS (Complex
Proportional Assessment), ELECTRE (Elimination and Choice Expressing Reality), PROMTHEE (Preference
Ranking Organization Method for Enrichment Evaluation) and others (Podvezko 2011; Ferreira et al. 2016;
Dobrovolskiené 2016; Serrai et al. 2017; Mousavi-Nasab and Sotoudeh-Anvari, 2017; Yin and Shyur 2019;
Broniewicz and Ogrodnik 2020; Pasha et al. 2020; Tavana et al.2020; Meshram et al. 2020; Jiang 2020; Sarband
et al. 2020; Zhang et al. 2020). Each method has its own benefits and limitations, and there is no agreement yet as
to which method is best suited for solving a problem of a certain type (Dobrovolskiené 2016; Ferreira and Santos
2016; de Farias Aires and Ferreira 2019). However, as the literature analysis showed, among all MADM methods,
the most popular ones are SAW and TOPSIS (Podvezko 2011; de Farias Aires and Ferreira 2019; Dobrovolskiené
et al.2019; Broniewicz and Ogrodnik 2020)

2.1.1. Simple Additive Weighting

Simple Additive Weighting is probably the best known and most widely used MADM method (Anupama et al.
2015; Mukhametzyanov and Pamucar 2018; Jamei R. 2020; Yasmin et al. 2020). The SAW method is also known
as a scoring method. The basic logic of the SAW method is to obtain a weighted sum of performance ratings of
each alternative over all attributes. An evaluation score is calculated for each alternative by multiplying the scaled
value given to the alternative of that attribute with the weights of relative importance directly assigned by the
decision maker followed by summing up of the products for all criteria (Mukhametzyanov and Pamucar 2018;
Mukhlis et al. 2019; Putra et al. 2020).

When the SAW method is used to find the best alternative, normalization of variables is required according to the
following formula so that the variables can be compared (Ibrahim and Surya 2019):

Ifjj

i = max(r;)’ (1)

i

where:
rij — the value of j alternative i variable;
max(rij) — the highest value of i variable.

However, as this method allows comparing only those variables that are maximizing, minimizing variables can be
also transformed into the maximizing ones according to the formula (Dobrovolskiené 2016):

. min (ry) )
ij o

where:
min(ri;) — the lowest value of i variable.
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In the final stage, the sum 5 of the weighted normalized values of all indicators is calculated for every jth object
according to the formula:

m
2 : 3
SJ = i l'_l)]'nij, ( )
i=1

where:

wi — the weight of i variable;

nij — the normalized value of i variable for j object.
§; falls between 0 and 1.

After the application of these formulas for normalization of variables and its summation, the decision regarding
the best alternative, containing the highest result (highest level of project sustainability) is selected.

2.1.2. Technique for Order Preference by Similarity to an Ideal Solution

The TOPSIS method is one of useful prioritization methods (Jamei R. 2020, Rathi et al. 2020). It was first
proposed by Hwang and Yoon (1981) and further developed by Yoon (1987). Under this method, the best
alternative has the shortest distance from the positive ideal solution (PIS) and the farthest from the negative ideal
solution (NIS) (de Farias Aires and Ferreira 2019; Stirbanovié et al. 2019; Rana and Patel 2020). TOPSIS method
has a number of advantages such as (Mohd Khairuddin et al. 2015; Rana and Patel 2020): (1) ability to identify
the best alternative fast; (2) simple, rational and comprehensive concept, rationality and comprehensibility; and
(3) simple computational process that can be easily programmed into a spreadsheet. The TOPSIS method
comprises the following steps (Satpathy et al. 2016):

The first step under the TOPSIS method is data normalization according to the following formula (Vafaei et al.
2018):

v n "2 (4)

i=1Tij

The next step is multiplying the weight of each criterion by the normalized performance values according to the
formula (Vafaei et al. 2018):

Wi = wpng 5)

where:
wij— the weight of i alternative.

The following step of the process involves determination of the positive ideal (4¥) and the negative ideal solution
(A7) (Vafaei et al. 2018):
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AT = (W, Wi} = {(Max Wyl je), (Min Wy je]’)}, (6)

A™= (W, Wi} = {(Min Wy jeJ),(Max Wyl je]’)}. )

where:
J — positive factors or criteria (maximizing);
J'— negative factors or criteria (minimizing).

Then, the TOPSIS method requires calculating the separation of each alternative from the positive ideal solution
(D;5) and the negative ideal solution (D,”) (Vafaei et al. 2018):

2

2w ®
D} szﬂ(wi- - W) ©

The final step of the TOPSIS procedure is finding the performance score, i.e., the relative closeness to the ideal
solution according to the following formula (Vafaei et al. 2018):

Dy’

0y Di 10

Where C; value falls between 0 and 1, with higher values indicating better alternatives.

Hence, after computing these steps, the ranks of the preference order of alternatives can be determined and the
alternative with the highest value, i.e., having the shortest distance from the ideal solution (highest level of project
sustainability), is selected.

2.2. Sensitivity analysis of MCDM methods

Multi-criteria challenges solved by applying MCDM methods are usually based on subjective opinions of
professional experts in the domain concerned. The results may therefore be biased and easily changed when
minimal modifications are applied to criteria or the significance of criteria. Ultimately, the step of sensitivity
analysis of MCDM methods is crucial in order to determine whether the result would change if the initial values
of variables were altered (Simanavi¢iené and Ustinovi¢ius 2011). The results obtained from sensitivity analysis
are then compared with the initial results. This step is very important as it communicates the result, provides
insights as to how the method behaves and its response to changes in the input variables (Borgonovo and Plischke
2016). Given the distributions of the values of criteria, a more sensitive or less sensitive method could be chosen
in order to determine the rationality of the decision (Simanavi¢iené and Ustinovic¢ius 2011). Therefore, it is
necessary to determine and evaluate the sensitivity and reliability of MCDM methods.
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In literature, sensitivity analysis is depicted in two main ways:
1. When the sensitivity of a MCDM method is evaluated based on parameters and weights of criteria;
2. When the sensitivity of a MCDM method is evaluated based on deviations from initial values.

The main idea behind sensitivity analysis of MCDM methods is to identify factors contributing to the uncertainty
of model results. Sensitivity analysis allows determining which parameters of a model are important and more
accurate and thus would allow significantly reducing the uncertainty of model results and which parameters do
not require any further refinement as they have little impact on the outcome (Simanaviciené and Ustinovicius
2011).

It should be noted that, according to the study performed by Simanavi¢iené and Ustinovicius (2011), the error of
the initial variables by + 5% is significant for the ranking of alternatives. Hence, one of the easiest ways to obtain
a reliable MCDM outcome is to take into account possible errors in the initial values. This way, sensitivity
analysis is performed based on the project’s rank disposition when input variable xij changes by £ A% (A =+ 1%;
+ 2%; + 3%; £+ 4%; £ 5%;). That is, by applying MCDM methods and having the initial results of indices,
alternatives are ranked in such a way that the highest result of an index corresponds to rank number 1, while the
project with the lowest index result corresponds to rank number 3. Hence, variables of alternatives within MCDM
methods are changed by + A% and the results are calculated once again by MCDM methods following the same
procedure. When results are obtained, ranks are assigned again to each level of percentage change in order to
show which MCDM method is more sensitive and at which percentage change the rank of alternatives will
change. This is needed in order to understand the minimum modification of weights that is required to change the
ranking (Operational 1995). Consequently, the method under which ranking of projects changes with the change
in variables by + A% is considered to be sensitive. However, the reliability of results is assessed by determining
the most common rank of alternatives as it shows the reliability of the initial rank (Simanavic¢iené and
Ustinovic¢ius 2011). The studies performed by Zavadskas et al. (2007) showed that changes in certain criteria
under the SAW method do not affect the final results of the solution, that is, this method is not sensitive to
changes in parameters. The results also showed that the TOPSIS method is more sensitive compared to the SAW
method with regard to changes in initial criteria (Zavadskas et al. 2007).

According to Mulliner et al. (2016), the ranking results of MCDM methods depend on the criteria that are
considered within the analysis. As criteria and their ranking are usually based on the subjective opinion of experts,
these rankings can vary moderately; therefore, the results and possible biases should be evaluated. Taking into
consideration the subjective selection of criteria and assignment of weights, sensitivity analysis can be performed
on the basis of the level of quantification of crosstalk between criteria and the ranking, which in turn indicates
how the ranking of alternatives is going to change when the weights of criteria change (Mulliner et al. 2016). This
is followed by the investigation of the most significant criterion in the analysis which is denoted to be the one that
changes the ranking of alternatives with the smallest relative change in its weight. The study performed by
Mulliner et al. (2016) showed that with the change in the level of weights by + 50% the TOPSIS method
outperforms other MCDM methods.

Also, as claimed by Simanavi¢iené and Ustinovi¢ius (2011), sensitivity analysis can be performed taking into
consideration only one parameter while all other parameters are fixed. It is usually performed when the
correlation between variables and parameters is ignored and not analyzed. By default, the most sensitive criterion
is the one whose weight or significance is the highest. Also, the most critical criterion can be determined. As
already mentioned, this is the criterion that requires only a minimal change in its value significance in order to
change the ranking of alternatives. Therefore, by applying the method of only one parameter or variable
consideration, the decision-maker is able to consider one parameter at a time by applying minimal changes to the
significance values of criteria.
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Moreover, sensitivity analysis can be performed by applying Monte Carlo modelling. Monte Carlo method is
based on statistical modelling and is applied when it is not possible to obtain accurate results using a deterministic
algorithm (Simanaviciené and Ustinoviéius 2011). For this case, variables are usually generated on the basis from
uniform distribution X ~ U(a,b) and normal distribution X ~ N(,5). A uniform distribution is used by the authors
to generate significance values for random indicators. Also, a decision matrix is formed using the values of
criteria for alternatives. Consequently, using the significance values of the indicators provided by the experts, the
rationality of alternatives is assessed by taking the generated matrices using the MCDM methods. Once the most
common rank of an alternative has been determined, the frequency of the occurrence of that rank value is
calculated (Simanaviciené¢ and Ustinovicius 2011). This way, the reliability of results is evaluated. The studies
performed by Simanavic¢iené and Ustinovicius (2011) showed that if the possible error rate is not less than + 5%,
the ranking of alternatives changes with regard to both distribution laws. Moreover, in their study, the TOPSIS
method was more sensitive compared to the SAW method with regard to both distributions.

In the light of the above, the weights of criteria are usually set subjectively with some biases and possible errors in
setting values are not taken into account, which may cast doubts on the reliability of the decision outcome.
Therefore, sensitivity analysis of MCDM methods is important for making decisions, for identifying the main
criterion that affects the final ranking of alternatives and for determining the decision stability and risk. It appears
from the scientific literature (Wolters and Mareschal 1995; Zavadskas et al. 2007; Simanaviciené and
Ustinovi¢ius 2011; Mulliner et al. 2016) that sensitivity analysis is usually performed on the basis of the

significance of criteria but it is also recommended to conduct sensitivity analysis on the basis of the values of
criteria.

3. Comparison of SAW and TOPSIS methods

This section presents a real estate sustainability index (RESI), which was constructed using SAW and TOPSIS
methods. The index was compiled using the following algorithm (Fig. 1):

Opinions are
conststent

Assessment of
Expert survey consistency of experts
group opinion
Invelvement of more
experts

Opinions are
not consistent

Composition of RESI
using
TOPSIS method

Assignment of
significance
values for each criterion

Composion of REST

using SAW method Sensitivity analysis

performance for
MCDM methods

Selection of RESI from
one MCDM method
based on sensitivity

analysis

Fig. 1. RESI compilation algorithm

Source: authors

As can be seen from Figure 1, the process consists of six main steps:

1. Gathering information from the results of an expert survey;
2. Evaluating the consistency of group opinions;
3. Assigning significance values to each sustainability criterion based on the expert survey;
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4. Composing an index using two MCDM methods: SAW and TOPSIS;
5. Performing sensitivity analysis on both MCDM methods;
6. Selecting the final RESI from the indices generated by one of the MCDM methods.

In this paper, a two-stage expert survey was conducted to identify the most significant sustainability criteria for a
real estate project. In the first stage, a survey form was designed and sent to 12 experts selected on the basis of
their educational and professional background. The experts were asked to rate all criteria within each dimension
on a 5-point scale ranging from 1 = least significant to 5 = most significant. Responses were received from nine
experts, six of which have a PhD degree, with 5 to 19 years’ experience related to project sustainability, one
expert with a Master’s degree and 5 years’ practical experience, one professor with 10 years’ experience, and one
engineer with 15 years’ practical experience in sustainable projects. The cut-off value was set at 3.5 to avoid
having an excessive number of criteria, which could create biases and thereby influence results, leading to
inappropriate evaluation of the final result (Dobrovolskiené et al. 2019). Consequently, only those criteria with
the mean value equal to or higher than 3.5 were selected. As a result, a list of 18 significant sustainability criteria
(5 environmental, 3 social, 5 economic, and 5 technological) was compiled, which was sent to the same nine
experts in the second stage. The experts were asked to rank the criteria in the descending order of their
significance, giving 18 points to the most significant criterion, and 1 point to the least significant one. The
consistency of opinions was calculated using Kendall’s concordance correlation coefficient (Ginevicius and
Podvezko 2008):

125

T m? (n® —n) D

where:

W is Kendall's coefficient of concordance;

S is the sum of the deviation of ranks from the mean;
n is the number of objects (criteria) (i=1, 2, ..., n);
m is the number of experts (j =1, 2, ..., m).

The value was calculated to be 0.58, which shows strong agreement between the expert opinions. Moreover, the
reliability of the opinions was also calculated using Pearson’s correlation coefficient ((12) formula):

x> =m(n—1wW) (12)

is distributed by the x*distribution with v =n — 1 degree of freedom. At the selected level of significance a, e.g.,
either 0.05 or 0.01, the critical value x;,.is taken from the table of the x* distribution with v = n — 1 degree of
freedom. Where the value of x? calculated according to formula (12) is greater than xz,., expert assessments are in
agreement. The results indicate that the value of x2 is higher than xz,., (88.953 > 37.1565) at the significance level
a = 0.05. Consequently, these coefficients confirm that the opinions of the experts are consistent and reliable and
therefore can be relied on in further research.

In view of the responses from the experts, the weight for each criterion was determined. The results of the expert
assessment and the type of each criterion (minimizing or maximizing) are set out in the table below (Table 1).
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Table 1. Weights and types of sustainability criteria

Dimension and Code Weight coefficient in a Total weight Type
criterion group coefficient
Environmental 0.297
Emission of CO2 Cl 0.333 0.099 Min
Use of renewable energy C5 0.241 0.071 Max
Waste management C7 0.214 0.064 Max
Post construction energy C12 0.142 0.042 Min
consumption
Dust reduction C18 0.070 0.021 Min
Social 0.170
Safety and well-being of c2 0.576 0.098 Max
workers
Improvement of the life C10 0.271 0.046 Max
quality
Safety of infrastructure C17 0.153 0.026 Max
Economic 0.224
Quality control C6 0.299 0.067 Max
Time of construction Cl1 0.191 0.043 Min
Reduction of direct costs C13 0.186 0.042 Min
Reduction of non-direct Cl4 0.180 0.040 Min
costs
Economic benefit for the C15 0.145 0.032 Max
region
Technological 0.309
Employment of C3 0.278 0.086 Max
innovative technologies
Overall project quality C4 0.236 0.073 Max
Technical risks C8 0.202 0.062 Min
throughout the project
life-cycle and feasibility
Degree of intellectual C9 0.194 0.060 Max
property protection
(patents, trademarks,
copyrights)
Cost of technology C16 0.091 0.028 Max

Source: authors

Moreover, indication of the criteria type leads to the step of criteria normalization which is based on the highest
maximizing and lowest minimizing values out of three analyzed alternatives. For SAW method, normalization is
calculated by applying (1) formula and (2) formula based on the negative (min) or positive (max) impact on
sustainability and formula (4) is used to calculate normalized values for the TOPSIS method.

After normalization of variables, the next step is to derive index by applying SAW and TOPSIS methods. As

mentioned earlier, SAW method is a summarization of weights, and thus, the sustainability index using this
method is calculated based according to formula (3):
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RESI = 0.099Cn; + 0.098Cn2 + 0.086Cn3z + 0.073Cns + 0.071Cns + 0.067Cns + 0.064Cn7 +
0.062Cns + 0.060Cng + 0.046Cn10 + 0.043Cn11 + 0.042Cn12 + 0.042CnN13 + 0.040CnN14 + (13)
0.032Cna1s + 0.028Cnis + 0.026Cn17 + 0.021Cnas

The value of index falls between 0 and 1, where the value closer to 1 indicates higher sustainability level.

Also, RESI is composed using TOPSIS method which allows us to identify relative closeness to the ideal solution
and thus, the sustainability index using this method is calculated based on (10) formula:

—Z z
0.099Cyy — W) +(0.098Cy, — W ) +

_ 2
0.071Cys — W) +

i

( (

0.086Cy; — W7 | +(0073Cy, — W, ) +
( 1 ): ( J \]:
( (U'UE‘?CNa - 11?‘) +
( (

_ 2 _ 2
0.064Cy, — W7 ) +(0.062Cys - W) +

(
(

\ (0026Cy:7 — *1’:;_)3+(0.021CN19 - -,1,}-)3

2 2
0.042Cy15 — W) ) + (0.040Cy,, — W) +
+

2 2
0.0320y35 — W) ) + (0.028Cy, — W) +

RESI = . _ . - (14)
(0.099y, — w7 ) +(0098Cy, - W) + (0.099Cy, — W)+ (0.098Cy, - W] ) +
. 2 . 2 . 2 . 2
(0.0866y5 — W7 ) + (0073Cy, —W] ) + (0.086Cys — W} )+ (0.0730y, - W )+
(0.0716ys - 11;*)3+ (0.067Cyg - 11;*)3+ (0.0716ys - w:,.‘)z+ (0.067Cys - w:,.‘)z+
2 2 2 2
(0.084Cy; — w7 )+ (0.062Cy, — W) + 0.064Cy; - W] ) + (0.0626y5 - W) +

(0.060Cy0 — u?'):+ (0.046Cy,, — u?'):+ + | (0.060Cys — w}‘)g+ (0,046, —WJ,-‘)E+ .

(0.043Cy,, - 11;*)3+ (0.042Gy,5 — 11;*)3+ (0.043Gy,, - w}‘)z+ (0.0426y, —114}‘)3+
(0.0426y,5 - 114}*)3+ (0.040Cy.4 - 114}*)3+ (0.0426y.4 - w:,.‘)z+ (0.040Cy.4 - w:,.‘)z+
(0.0326Gy,5 - 114}*)3+ (0.0286y, - 114}*)3+ (0.0326y,5 - w}‘)z+ (0.0286y, 6 —114}‘)3+

| (0.026Cy,5 —114}-*')3+(0.021c‘.\,-19 - w}-’fjg | (0026Cy,; —114}‘)3+(0.021c‘.\,-19 - w}‘)g
The value of index falls between 0 and 1, where value closer to 1 indicates higher sustainability level.

Sensitivity analysis on MCDM methods and indices is performed by evaluating the change in the project rank
when the initial input variables xij are altered by = A% (where A = + 1%; £ 2%; £+ 3%; + 4%; £ 5%). Alternatives
Al, A2 and A3 correspond to the three analyzed real estate projects and the initial results are the values obtained
from formula (13) and formula (14). These alternatives are ranked on the basis of the results obtained from these
formulas, where the highest value corresponds to the highest rank of the alternative. Then, the sustainability of
real estate projects is calculated once again by applying formula (13) and formula (14). Finally, the sustainability

of real estate projects is recalculated by varying the inputs according to formula (13) and formula (14). The results
are summarized in the table 2 below.
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Table 2. MCDM methods sensitivity analysis based on the project's rank change

+ A% SAW TOPSIS
Alternatives Al A2 A3 Al A2 A3
Initial results 0.551 0.518 0.755 0.421 0.363 0.602
Initial rank 2 3 1 2 3 1

Rank did not change

X
QD
=}
=
o
>
QD
>
Q
D
o

1% 2 3 1 3 1 2
2% 2 3 1 3 1 2
3% 2 3 1 3 1 2
4% 2 3 1 3 1 2
5% 2 3 1 3 1 2

Source: authors

As Table 2 shows, sensitivity analysis was performed on two MCDM methods, SAW and TOPSIS. Changes in
certain initial variables under sensitivity analysis on the SAW method do not affect the final solution and the rank
ordering remains the same at all analyzed levels of percentage change. That is, the SAW method is not sensitive
to changes in variables. On the other hand, under sensitivity analysis on the TOPSIS method, the rank ordering of
the projects changes within 1% of change. Therefore, the results of the MCDM sensitivity analysis show that the
TOPSIS method is more sensitive to changes in baseline data than the SAW method.

The same results were observed by authors in other studies. For example, Simanavi¢iené and Ustinovicius (2011)
performed sensitivity analysis by applying uniform and normal distributions. For both distributions, the TOPSIS
method was more sensitive compared to the SAW method. In their study, in the case of uniform distribution,
where the possible error rate of the initial variables is already above 2%, the ranking of alternatives changed
where the TOPSIS method was used.

4. Conclusions

The literature analysis revealed that MCDM methods are successfully utilized in creating sustainability
assessment tools. It also showed that in order to determine whether the final result would be different in the case
of changes in the initial values of variables, sensitivity analysis on MCDM methods must be performed.

In this paper, sustainability assessment of a real estate project was examined by using two different multiple-
attribute decision-making methods. This comparative study allowed identifying a suitable MADM algorithm that
can be used to assess the sustainability of a real estate project. The results obtained by using TOPSIS and SAW
showed that these two models produce different rankings. The sensitivity analysis on MADM methods revealed
that the initial project rank of the SAW method, compared to the TOPSIS method, is more reliable (100%
reliability), as it remained unchanged at any analyzed level of percentage change.

The present research has some limitations, which will be addressed in future studies. The proposed sustainability

assessment tool is based on the SAW and TOPSIS methods. In future research, the authors will use other
multiple-attribute decision-making methods to verify the obtained results.
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Finally, the research makes a valuable contribution to the real estate sector and project management by equipping
decision-makers with a tool that allows: 1) assessing the sustainability level of a real estate project; and 2)
comparing projects with each other in order to decide on their financing.
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