<@ sustainability

Article

An MCDM Model for Sustainable Decision-Making in
Municipal Residential Buildings Facilities Management

Eglé Klumbyté ¥, Raimondas BlitidZius 2, Milena Medineckiené 3 and Paris A. Fokaides 4

Citation: Klumbyté, E.; Blindzius, R.;
Medineckiené, M. and Fokaides P.A.
An MCDM Model for the
Sustainable Decision-Making in
Municipal Residential Buildings
Facilities Management. Sustainability
2021, 13, 2820.
https://doi.org/10.3390/su13052820

Academic Editor: Pierfrancesco De
Paola, Francesco Tajani and Marco

Locurcio

Received: 19 January 2021
Accepted: 2 March 2021
Published: 5 March 2021

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and insti-

tutional affiliations.

Copyright: © 2021 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (http://crea-

tivecommons.org/licenses/by/4.0/).

1 Faculty of Civil Engineering and Architecture, Kaunas University of Technology, Studentu St. 48,
51367 Kaunas, Lithuania; eng.pf@frederick.ac.cy

2 Institute of Architecture and Construction, Kaunas University of Technology, Tunelio St. 60,
44405 Kaunas, Lithuania; raimondas.bliudzius@ktu.lt

3 Faculty of Business Management, Vilnius Gediminas Technical University, Saulétekio Ave. 11,
10223 Vilnius, Lithuania; milena.medineckiene@vilniustech.lt

¢ School of Engineering, Frederick University, Nicosia 1036, Cyprus

* Correspondence: egle klumbyte@ktu.lt

Abstract: Measuring and monitoring sustainability plays an essential role in impact assessment of
global changes and development. Multi-criteria decision-making (MCDM) represents a reliable and
adequate technique for assessing sustainability, especially in the field of municipal buildings man-
agement, where numerous parameters and criteria are involved. This study presents an MCDM
model for the sustainable decision-making, tailored to municipal residential buildings facilities
management. The main outcome of this research concerned normalized and weighted decision-
making matrixes, based on the complex proportion assessment (COPRAS) and weighted aggre-
gated sum product assessment (WASPAS) methods, applied for ranking investment alternatives
related to the management of the buildings. The delivered model was applied to 20 municipal build-
ings of Kaunas city municipality, located in Lithuania, which an EU member state employing prac-
tices and regulations in accordance with the EU acquis, as well as a former Soviet Republic. The
proposed model aspires to enhance sustainability practices in the management of municipal build-
ings and to demonstrate a solid tool that will allow informed decision-making in the building man-
agement sector.

Keywords: sustainable decision-making; sustainable social housing management; multi-criteria de-
cision-making (MCDM); AHP; WASPAS; COPRAS

1. Introduction

The United Nations stated that by 2050, 68% of the earth’s population is projected to
be urban, which is about 14% more than in 2018 [1]. In order to adopt the 2030 Agenda
for Sustainable Growth, including attempts to forge a new urban development system, it
is important to consider the key developments in urbanization that are likely to unfold
over the coming years [2]. According to Eurostat data in 2018, 26.1% of final energy con-
sumption belongs to households [3], being 0.5% more than in 2015 [4]. To meet the in-
creasing housing needs, societies should proactively account for future demands. Munic-
ipalities are anticipated to have a significant role under this context, mainly due to the fact
that they manage social housing, which currently consists of the main affordable housing
for thousands of families around Europe and worldwide.

Advanced practices in construction management and engineering involve complex
methods and applications, which deliver an increased amount of data, resulting in the
need for developing tools and methodologies for data management [5,6]. The use of data,
new information, and communication technologies has led to sustainable developments
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related to established sustainable development goals (SDGs), including SDG 7 (Afforda-
ble and clean energy), SDG 11 (Sustainable Cities and Communities), SDG13 (Climate ac-
tion), and others [2,7,8].

Sustainable construction sets the boundaries of morality, ethics, and performance in
the architectural and construction sectors. It creates the necessary conditions for cost-ef-
fective processes that reduce negative environmental impacts and save energy as well as
natural resources.

In order to promote sustainable construction management practices, one should em-
ploy advanced methodologies, including digitalization and enhanced decision-making
techniques, such as multi-criteria decision-making. Digitization drives the changes in the
Industrial 4.0 revolution in the construction sector. With the help of digitization, new busi-
ness models are anticipated to be created, focusing on the integration of equipment, the
IT systems, and people. [9]. Sustainable decision-making [2,7,8,10-12] stands for decision-
making that contributes to the transition to sustainable society [7]. The significance of re-
ducing resources consumption in building sector has been underlined in the recent past
in numerous studies [13-16].

Multi-criteria decision-making (MCDM) application in the sustainability field has
been constantly growing by presenting the potential of applying MCDM methods for sus-
tainable decision-making in civil engineering, construction building technology, public
environmental occupational health, social issues, and multidisciplinary engineering. In
order to justify the backgrounds of this study and to emphasize its novelty, we conducted
an analysis of scientific articles. The Clarivate Analytics (Web of Science) database was
employed, aiming to elucidate the prevalence of the application of MCDM methods in
construction-related scientific publications. Studies employing MCDM methods were
identified and articles related to measuring, monitoring, and applying MCDM in the sus-
tainability field were identified (Figure 1).

The number of studies using the keywords “MCDM” and “Sustainability” that were
filtered for the years 2016-2020 is shown in Figure 1.

Search in Qarivate Analytics (Web )
{ of Sderce) |
database

Search of papers by using keyvwords:
LAIECEAT + | Sustainability™ and
filter 2016—2020 years

2017 (63) ‘ ‘ 2018 (96) ED'JS'I'lBlj‘ 2020(158)

Search of papers by using filter:
Engineri ng Civil; Constuiction
Building tedmology; Engineering
MWinltidisciplinary +Peolides and Law

2017 (6)* | ‘ 2018 (10 2019 (18)* 2020 (21)*

Figure 1. The search procedure and preliminary results. Note: * the number contained in brackets indicates the number of
articles in the sustainability topic.
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The literature overview reveals that although MCDM is trending in buildings sus-
tainability management, and analysis of specific types of buildings, providing further in-
sights in building management practices, are still to be conducted. The significance of mu-
nicipal building management has been justified in the recent past in numerous studies
[13,16,17] The main research goal of this study was to develop and to introduce a compre-
hensive MCDM model for the sustainability assessment of municipal buildings. The pro-
posed model is based on the generation of a priority que of facilities compliance regula-
tions, delivering recommendations on the management of social housing, and meeting the
minimum established criteria on the basis of the economic ratio calculations. The pro-
posed model can also be used for the optimization of government and municipal facilities
management, incorporating the concept of social sustainability into the technical assess-
ment and management of buildings. The level of detail of the information demonstrated
in this study allows for the development of the backend and frontend of an appropriate
application, enabling the replication and establishment of the proposed model. The
MCDM model demonstrated in this study considers related SDGs to the building sec-
tor, resulting in decision-making tailored to the needs of informed resources consump-
tion, and is in line with the requirements of the EU policy on research efficient Europe.
It is also a consumer-centric model that satisfies building users comfort needs in more
efficient buildings, leading to social sustainability. The research purpose was to present
a new perspective of sustainability through sustainable decision-making methods and
to present residential buildings facilities management model for municipalities [17,18]
that are based on MCDM techniques by using complex proportion assessment (COP-
RAS) [19] and weighted aggregated sum product assessment (WASPAS) [20,21] methods.

2. Research Methodology for the Evaluation and Sustainable Decision-Making in Mu-
nicipal Residential Buildings Facilities Management

2.1. Application Levels of the Municipal Social Housing Evaluation Model

The municipal social housing assessment method developed by the authors includes
the required elements for a comprehensive decision-making scheme. In particular, the
scheme is based on a system of normative documents, the requirements for municipal
social housing, as well as the compliance of social housing residents’ needs for their hous-
ing and environment with the established requirements. The methodology also includes
a ranking procedure according to the requirements described, presented in Figure 2.
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Figure 2. Application levels of the municipal social housing evaluation model (developed by the authors).

The proposed model consists of the following key levels:

The first level is the development of a system of requirements for municipal buildings
by normative documents, functions assigned to municipalities, and other needs of build-
ing residents assigned to buildings. One hundred and nine requirements were selected in
the analysis of normative documents, municipal requirements, and the needs of the resi-
dents of social housing. A survey of 63 residents of social housing was conducted, with
the aim to identify the requirements of social housing tenants.

The second level is the optimization of the requirements system by selecting the most
important requirements with the use of an expert method.

The work aimed to reduce the number of requirements for social housing buildings
and to select the 109 most important from each group of requirements, according to which
the municipal buildings would be assessed. The priorities of the requirements according
to the normative documents, municipal requirements for the social housing, and residents
of premises requirements were determined by the expert method. A group of 43 national
level experts was set up for this purpose. It consisted of certified construction engineers,
maintenance managers, and researchers. The experts analyzed the compliance of the
buildings with the submitted requirements and presented their assessments on a 10-point
scale, where 1 was the highest rank, and 10 was the least significant criterion.

A selection of the 10 requirements for each group with the lowest sum of evaluation
scores is presented in Table 1. From here on, Xn1, Xm1, and x:1 mark criteria (n—the criteria
of the requirements applicable by regulations, m —the criteria of requirements applicable
by municipalities, r—the criteria of resident’s requirements applicable to social housing).
The selected sets of requirements were named as criteria for assessing the condition of
buildings. The reliability of the survey was checked, and the calculations revealed that the
survey was reliable; thus, its results could be used for further calculations.
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Table 1. Ratings of the requirements for residential buildings.

Normative Requirements Applicable to Municipal Requirements Applicable Social Housing Resident’s Requirements

Rank
an Social Housing to Social Housing Applicable to Social Housing
Compliance with specific social Good technical condition of
1 Xnl . . m1 Xrl Safety
housing requirements the asset
2 Xn3 Safety of heating installations Xm2 Low heating costs Xrd Infrastructure
. . The premises are without dif-
Requirements for sustainable L .
3 Xn8 o Xm9 ficulties to dispose of and Xr2 Comfort
buildings
manage them
E f 1 f
4 Xn2 Energy needs for heating Xm5 Tergy perrormance €lass o Xr3 Neighbors
buildings
The price of 1 m? of usable
n Buildi m : tiliti
5 Xnd uilding type Xm4 floor area X9 Utilities
6 Xn9 Natural sunlight requirements Xm3 Apartment with amenities X5 Car parking
” « Power and low power supply sys- Social housing is suitable for « The main characteristics of the
i tems ™ families with young children - rooms
Social housing’s heating and air Social housing is adapted for .
8 Xn5 L9 Xm7 . . o Xr6 Environment
conditioning system people with disabilities
9 Xn6 Water supply system xms  Access to the building by car X7 Entrance
Envi tal pollution in th
10 xmio0 Number of places for parking Xm10 Car parking Xr10 nvironmentat poltution i the

area

The third step in optimizing the system of building criteria is to determine the signif-
icance of the criteria for municipal residential buildings —gi. At this stage, a group of 34
experts completed a paired comparison (AHP, analytic hierarchy process) questionnaire
to determine the significance of the criteria using the AHP method [22]. The method is
convenient to use as the criteria can be compared in pairs [22-25].

Only duly completed questionnaires were evaluated (11, 13, and 10). Initially, the
ranking of criteria was performed according to the obtained data (Appendix A, Tables
A1-A3). The averages of the significance of the criteria obtained by experts were calcu-
lated, the compatibility of the survey was checked, and a system of evaluation criteria for
municipal social housing buildings was created. The consistency index (S) of all three ex-
pert groups was sufficient, with a significance level of 0.01 [26-29]. The last step was to
calculate the significance values of the criteria, which were calculated according to the
methodology described below:

. The pairwise comparison of the criteria, xi and xj is denoted by xij, where i, j=1,..., n.
xij is the ratio of ranks of criteria i and j, which were presented by the expert. The
criteria were compared in pairs and their numerical priority values were determined.
The results of the pairwise comparison table are written in matrix P [17]:

X11 X12 " Xin
x x oo x

p=|2 -2 1)
Xn1 Xn2 - Xpn

The pairwise comparison matrix is inverse, symmetric, i.e.,

1o
xij _x_ji’ (1’] - 1’2;---rn)/
e  Each element of column P of the matrix is divided by the sum of the elements of that
column:
Xij ..
by=cr—, (,j=12,..,n) 2)
i=1ij

This gives a new matrix B:
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bll b12 bln
B=|ba1 bz - bon 3)
bnl bnz b bnn

e The arithmetic mean of the elements of rows B of the matrix and gives the significance
values of the respective criteria according to the matrix of the pairwise comparison
of one expert:

G =230y, (j=12,...m), )

The significance of the criteria (Appendix A, Tables A4-A6) obtained according to
Equations (1)—-(4) can be used in further calculations if the compatibility of the pairwise
comparison matrix P is sufficient, i.e., the elements of the matrix P satisfy the condition of
transitivity:

(ApB)A(BC)= (A 0C), 5)

where A, B, and C are elements of the same set.

The research results allowed the team to identify 30 criteria that make up the munic-
ipal social housing building assessment system, which is used in the next stages to per-
form a technical assessment of buildings. It is important to note that municipal buildings
can be assessed according to each group of criteria separately. Thus, the analysis would
be more detailed or all together. In our case, the buildings were assessed by covering the
whole system of criteria, each of them setting the significance level 1/3. The developed
model is easily applied to any buildings, and municipal social housing was chosen be-
cause Lithuania faces the most problems in managing this real estate.

Last step —technical assessment and rating of buildings in accordance with the crite-
ria system presented in paragraphs below.

2.2. Technical Assessment of the Facilities Following the System of Facilities Assessment Criteria

After assessing the significance of the criteria, we performed a technical assessment
of social housing. Its stages (Figure 3) are described in this section.

In the first stage, a group of experts consisting of at least three certified building ex-
perts, maintenance managers, or engineers with at least 10 years’ experience in construc-
tion were selected. These experts undertook an independent assessment of the designated
buildings according to social housing requirements chosen by experts by the Technical
Regulation on Construction [30] and other normative acts, using the experience and the
necessary standard testing methods.

The second step was to collect and systematize data on the alternatives under assess-
ment.

The third stage was the technical assessment of alternatives according to the criteria
of the requirements for municipal social housing selected by the expert group.

The fourth stage was the preparation of alternative technical assessment data for
multi-criteria calculations.
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Figure 3. The process of technical assessment of social housing (developed by the authors).

2.3. Methodology for Multi-Criteria Decision-Making Methods, Case Study, and Results

This case study was calculated according to the two most successfully applied multi-
criteria decision-making (MCDM) methods: weighted aggregated sum product assess-
ment (WASPAS) [21,22] and complex proportion assessment (COPRAS) [20]. The fact that
the selected MCDM methods are appropriate and successfully used for this type of case
study is proven by a series of research [17,31,32]. The AHP method was selected for
weighting criteria for COPRAS method, which also includes an additive version of AHP
and is actively being used for this type of case study’s calculations. The WASPAS method
basically combines additive and multiplicative versions of AHP. Many case studies, which
were calculated by the authors, were related with the main direction towards sustainable
goals.

Normalized values Xjjof the j criterion for i alternative with COPRAS method are
calculated on the basis of Equation (6). Regarding the direction of optimization of the line
of particular criteria, we chose the following normalization formulas: if criteria are mini-
mizing, thus normalization for WASPAS method is carried out with Equation (7); if crite-
ria are maximizing—Equation (8). For the WASPAS method, normalized and weighted
values are calculated separately for the summarizing of determination and separately for
the multiplication section, and are implemented with the help of Equations (9) and (10),

respectively.
_ X4 [
Xi; = n’f ;__, wherei=1,m; j=1,n. (6)
i=171)

From here on, xij is the value of j criterion for i alternative; m is the number of alter-
natives, n is the number of criteria; q is the weight of a criterion.
opt xijj
Xjj = ——,where i=1m; j=1n, (7)
ij
If optimal value is minimizing

- _ .
—~— where i=1,m; j=1,n,
i (8)

If optimal value is maximizing [33].
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Xijsum = Xjjqj, where i=1,m;j=1,n. 9)
¥ — 7.9 P — L=
Xijmult = Xij , where i=1,m; j=1,n. (10)

Final determination is carried out by applying the following formulas: Equation (11)
for COPRAS method, and Equation (12) for WASPAS method.

S—min'zirgl S—j
S _min’ 11
m min
S_j- > i=1 S—j ( )

Qi =S+

wherei=1,m; j=1,n
S+j—the sum of maximizing values from j row’s alternative.
Sj—the sum of minimizing values from j row’s alternative.

S-min—minimum value from the whole determined S column, where i =1, m; j =
1,n [32]

VVPS1 =0.5 Z}l:lyii + 0.5 H]_n:1 Eij' where i = 1,_m, ] = 1, n, (12)

3. Modelling the Sustainable Decision-Making Process: The Case of Lithuanian Mu-
nicipal Buildings

In order to evaluate the proposed method, we applied the municipal social housing
evaluation model for the case of Lithuanian municipal buildings. The developed method
is based on a system of requirements for municipal social housing buildings, as well as on
the determination of their compliance with the declared needs. The scheme delivers a
ranking according to the methodology of technical assessment of buildings.

With the collapse of the Soviet Union in 1990, Lithuania regained its independence,
and the Lithuanian state and municipalities took over a large part of the real estate. How-
ever, 30 years after the restoration of independence, the 2020 audit of state real estate man-
agement [34] revealed real estate management problems—no institution has a summary
of real estate and how much it is transferred to municipalities. In many cases, municipal-
ities do not possess sufficient information concerning their building properties. One-third
of the municipalities managing the state do not have accurate information about the state
real estate managed by the right of trust [34]. According to 2020 data concerning Lithua-
nian building stock, housing stock in 2019 increased by 10.4 thousand (0.7%) compared to
2018, and amounted to 1.5 million dwellings [34]. The useful floor area of dwellings in
Lithuania was 102.4 million m? and increased by 1 million m? (1%) over the year. Private
ownership accounted for 98.6% of the housing stock, with the remainder owned by the
state and municipalities. The useful floor area of the housing stock was 62.1 million m? in
urban areas and 40.3 million m? in rural areas (Table 2).

Table 2. Housing stock at the end of 2019, in thousands of square meters of usable area [34].

Of Which by Forms of Ownership

The Average Useful Floor

Housing Stock Private % State and Municipal % Area per Capita Was
Property
Total 102,430.8 100,964.1 98.6 1466.7 14 36.7
Urban areas 62,154.2 61,110.9 98.3 1043.3 1.7 33
Rural areas 40,276.6 39,853.2 98.9 423.4 1.1 44.1

At the end of 2019, there were 531 dwellings per 1000 inhabitants in Lithuania (as of
31 December 2018 —527 dwellings). The average useful floor area per capita was 36.7 m2.
Of these, in urban areas—33 m?, in rural areas—44.1 m2. The average size of private hous-
ing (Table 3) was 69.5 m?, of which 63.3 m? was in the city and 81.7 m? in the countryside.
State and municipal dwellings were smaller. The average size of one dwelling was 49.1
m?, in urban areas—45.5 m?, and in rural areas—60.9 m2.
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Table 3. Number of dwellings at the end of 2019, in thousands [34].

Number of Dwellings, Average Useful Floor

Total Space of Dwellings, m?
Urban areas 988.3 62.9
Rural areas 494.7 81.4
Private property 1453.1 69.5
Urban areas 965.4 63.3
Rural areas 487.7 81.7
State and municipal property 29.9 49.1
Urban areas 22.9 45.5
Rural areas 7 60.9
Total 1483.0 69.1

During the technical assessment process, 20 social housing buildings of Kaunas City
Municipality were randomly selected. This number was chosen according to the smallest
municipality in Lithuania, which has the same number of social housing buildings as in
our case. This choice confirms that the model works with a minimum number of build-
ings.

Information on buildings, energy consumption, air condition in the district, and other
necessary data was also collected by official registers, JSC “Kauno energija”, Environmen-
tal Protection Agency, Information Technology and Communications Department, and
independent real estate appraisers. A group of three experts appointed by the municipal-
ity assessed the condition of the municipality’s social housing by filling in questionnaires
according to the provided criteria.

A common system of assessment criteria must be used for the technical assessment
of buildings at least every 5 years. Because the evaluation criteria have different measure-
ment dimensions, we chose multi-criteria evaluation methods for the calculations. The
investigated MCDM case study was defined with the use of 20 different alternatives, de-
scribed with 10 criteria of each group. The initial decision-making matrix is presented in
(Appendix A, Tables A4-A6). The criteria were weighted with the help of pairwise ques-
tioner, in which representatives from different interest parties participated. The results of
pairwise matrix were determined with the AHP method. The normalized and weighted
decision-making matrix for COPRAS method’s calculations, the normalized matrix for
WASPAS method, and the normalized and weighted matrix for multiplication part are
presented in Appendix A (Tables A7-A9).

The main results and rank of calculations are described and presented in Appendix
A (Table A10). On the basis of the MCDM findings, results of Kaunas City Municipality,
and research data, we found that 20% of the social housing buildings at the end of the
priority queue were in the worst condition, namely, No. 8, No. 14, No. 15, and No. 16. The
calculations included a detailed assessment of the alternatives for each criterion as well as
the highest non-compliance. Considering the condition of social housing after conducting
a technical assessment of buildings and prioritizing them, we present possible alternatives
depending on the property’s condition. We suggest three groups of social housing, after
a multi-criteria assessment:

1. usable social housing;
2. the need for social housing;
3. social housing, which the municipality should disclaim.

Usable social housing refers to buildings that meets all the requirements but need
minor repair or ongoing maintenance. Municipalities must evaluate the lack of social
housing, consider possible alternatives, and choose only those that meet all the require-
ments after assessment. Social housing, which the municipality should disclaim, could be
leased, sold, or rented.
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According to each criterion’s significance, it is necessary to identify the priorities and
required investment, as well as decide which is suitable for social housing but require
ongoing maintenance, renovation, or repair.

The following economic indices of the structures at the end of the priority queue is
calculated after the assessment of municipal social housing on the basis of the selected
criteria of the three groups: the construction value of the facility, the reconstruction cost
(construction) value of the apartment, the amortization value, and the reconstruction
value (Table 4).

The economic indicators of the municipal social housing buildings that meet the sys-
tem of criteria the least are calculated: construction, reconstruction costs, and amortization
values to facilitate decision-making. These economic indices of facilities at the end of the
municipal real estate priority que are computed by evaluating the municipal social hous-
ing on the basis of the selected three groups of criteria: construction value of the object,
reconstruction price (construction) apartment value, depreciation value, and reconstruc-
tion value (Table 4). Buildings with a value of 61 to 100% of the essential requirements of
the building fall into the third group —social housing, which the municipality should dis-
claim. Such real estate is in a state of emergency, unsuitable for use, and it is not profitable
for municipalities to renovate it. The same is confirmed by the calculated economic indices
presented in Table 4 —for example, alternative 8. The amortization value of this property
(26143.71 EUR) is twice as high as its reconstruction value (12876.75 EUR), and the apart-
ment reconstruction cost value (39020.46 EUR) is only one-third higher than the amorti-
zation value.

Table 4. Economic indices of the alternatives (developed by the authors based on “Sistela” estimation prices for the con-
struction of the structures as of 2020 and 2021) [35,36].

Volume, m3 Social Reconstruction . Apartment Apartment
. . Construction .. ..
Housing Price per 1 m? Amortization Reconstruc- Amortization Reconstruc-
Alt. No Value of the . .
Apart t Per Apart t  Facilit (%) tion Cost Value, EUR tion Value,
partmen er Apartmen cility Value, EUR EUR
395 252.75
A8 84,827.09 67 39,020.46 26,143.71 12,876.75
182 46,000.5
4456 169.15
Al4 75 1286.25 828,994.24 37 16,579.88 6134.56 10,445.32
656 222.24
Al5 128,241.44 72 31,034.42 22,334.78 8689.64
159 35,336.16
7725 156.52
Al6 167 26,138.84 1,437,159 37 31,617.50 11,698.47 19,919.02

4. Conclusions

In this study, a four-stage decision-making model for municipal buildings manage-
ment was developed and demonstrated. The developed model is based on a decision-
making methodology that identifies the worst-case real estate, for which strategic deci-
sions have to be made in municipalities. The proposed model is based on 109 require-
ments of three groups for social housing buildings. Using expert assessment methods, we
reduced the requirements to 30 (10 normative, 10 municipal, and 10 resident require-
ments) in order to simplify and speed up the decision-making process. After optimizing
the building criteria system, the significance of residential building criteria is determined
by the AHP method. In the third stage, the survey’s compatibility is verified, and a system
of evaluation criteria is developed for municipal residential buildings with calculated sig-
nificances, which allow for assessing the importance of each criterion in a more detailed
evaluation process. The last stage of the model is dedicated to the technical assessment of
buildings according to the developed system of three groups of criteria used by the
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MCDM methods—WASPAS and COPRAS, in order to model the decision-making pro-
cess in municipalities. The model developed in this study delivers informed decisions on
sustainability aspects related to sustainable development goals (SDGs), including SDG 7
(affordable and clean energy), SDG 11 (sustainable cities and communities), SDG13 (cli-
mate action), and others.

According to the developed methodology, the inventory and monitoring of buildings
can be simplified. The model allows for the evaluation of numerous aspects of real estate
properties including the need for a property, suitability for its functions, efficiency, opti-
mization measures, staff needs for property maintenance, and condition and maintenance
costs. By optimizing real estate management, the need for buildings decreases, more effi-
cient buildings better meet users’ needs, less energy is used, and environmental pollution
is mitigated. One of the main outcomes of the proposed model concerns recommendations
for the management, use, and disposal of municipal buildings, in accordance with the
principles of public law, rationality, management efficiency, and economic benefits.

Appendix A

Table A1. Rankings of criteria for social housing requirements in normative documents according to 11 experts [17].

Expert No. Xnl  Xn2  Xn3  Xn4  Xo5  Xn6  Xn7  Xn8  Xn9 Xn10 S
Expert 1 1 3 4 2 6 8 5 7 9 10 0.11434
Expert 2 1 2 4 3 6 8 5 7 9 10 0.066306
Expert 3 1 3 4 2 7 8 5 6 9 10 0.102355
Expert 4 1 3 4 2 5 7 6 8 9 10 0.093
Expert 6 1 10 4 2 5 6 3 8 7 9 0.058
Expert 7 1 3 4 2 6 8 5 7 9 10 0.096
Expert 8 1 4 3 2 6 7 8 5 9 10 0.068

Expert 16 1 8 3 2 6 5 7 4 9 10 0.092
Expert 17 1 3 4 2 7 8 5 6 9 10 0.101
Expert 18 1 3 4 2 5 6 7 8 9 10 0.091
Expert 32 1 4 3 2 5 6 7 8 9 10 0.104

Table A2. Municipal requirements for social housing and rank of their criteria according to 13 experts [17].

Expert No. Xm1 Xm2 Xm3 Xm4 Xm5 Xmé6 Xm?7 Xms8 Xm9 Xm10 S
Expert 27 2 3 6 5 4 7 8 9 1 10 0.095
Expert 1 1 2 6 5 4 9 8 7 3 10 0.07
Expert 2 1 2 6 5 4 9 8 7 3 10 0.07
Expert 3 1 2 6 5 4 9 8 7 3 10 0.069
Expert 5 1 2 6 4 5 9 8 7 3 10 0.108
Expert 7 2 3 6 4 5 9 8 7 1 10 0.102
Expert 34 1 3 6 5 4 9 7 8 2 10 0.022
Expert 9 2 3 6 5 4 7 8 9 1 10 0.092
Expert 10 1 3 6 5 4 9 7 8 2 10 0.022
Expert 14 1 3 6 5 4 9 8 7 2 10 0.12
Expert 15 1 4 6 5 3 9 7 8 2 10 0.041
Expert 23 1 2 6 5 4 9 8 7 3 10 0.07
Expert 29 2 3 6 5 4 7 8 9 1 10 0.092
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Table A3. Residents of social housing requirements and rank of their criteria according to 10 experts [17].

Expert No. Xr1 Xr2 X3 Xr4 Xr5 Xr6 Xr7 Xr8 Xr9 Xr10 S
Expert 1 1 3 6 5 4 9 7 8 2 10 0.022
Expert 6 1 10 4 2 5 6 3 8 7 9 0.058
Expert 3 3 5 10 2 8 9 7 4 1 6 0.085
Expert 7 1 3 4 2 6 8 5 7 9 10 0.096
Expert 8 1 4 3 2 6 7 8 5 9 10 0.068
Expert 18 1 3 4 2 5 6 7 8 9 10 0.091
Expert 32 1 4 3 2 5 6 7 8 9 10 0.104
Expert 5 1 4 3 2 5 7 6 8 9 10 0.124
Expert 16 1 8 3 2 6 5 7 4 9 10 0.092
Expert 17 1 3 4 2 7 8 5 6 9 10 0.101

Table A4. The initial decision-making matrix, which presents the values of the criteria for social housing requirements in

the normative documents and their significances g; [17].

Criteria
Xn1 Xn2 Xn3 Xn4 Xn5 Xné6 Xn7 Xn8 Xn9 Xn10
max min min max min min min max max min
gi 0.309 0.113 0.114 0.148 0.07 0.066 0.068 0.069 0.025 0.018
Ai 75 10.42 15 125 10 45 21 6 4 2
A 84 8.32 20 125 41 21 20 7 3 1
As 70 10.42 30 125 49 51 19 7 3.5 1
As 92 10.81 10 125 25 21 15 6 4.5 1
As 81 8.69 27 125 40 35 10 7 3 1
As 91 7.24 10 125 21 20 15 8 3 1
Az 66 9.54 40 125 40 35 15 5 2.5 1
As 33 18.32 90 65 75 100 51 3 2 1
Ao 93 11.98 10 125 21 10 15 7 3 2
Ao 93 11.98 10 125 21 10 15 7 3 2
An 93 11.98 10 125 21 10 15 7 3 2
An 93 11.98 10 125 21 20 15 7 3 2
A 99 7.24 5 125 21 20 15 8 2.5 1
Ais 63 16.68 60 125 61 40 40 4 3 1
Ais 28 18.98 85 125 65 61 41 3 4 1
Ase 63 14.67 60 125 40 41 41 6 3 1
Ay 69 15.97 75 125 40 55 35 6 2.5 1
Ais 100 7.18 5 100 10 2 1 9 35 1
Ao 100 7.38 5 100 10 2 1 9 3 1
Ao 99 7.6 5 100 10 2 1 9 3.5 1
OPT 100 7.18 5 125 10 2 1 9 4.5 1
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Table A5. The initial decision-making matrix, which presents the values of the criteria for municipal requirements for

social housing and their significance gj [17].

Criteria
Xm1 Xm2 Xm3 Xm4 Xm5 Xmé Xm7 Xms8 Xm9 Xm10
max min min min min min min min min max
gi 0.238 0.143 0.066 0.107 0.114 0.031 0.033 0.036 0.212 0.019
Al 75 047 1 1091 3 2 4 1 1 04
A2 84 0.37 1 367 7 1 4 1 1 0.7
A3 70 0.47 1 960 7 1 4 1 1 0.8
A4 92 0.49 1 324 7 1 4 1 1 0.8
A5 81 0.38 1 239 7 1 4 1 1 0.6
A6 91 0.33 1 830 7 1 4 1 1 0.7
A7 66 0.43 1 630 7 1 4 2 1 0.7
A8 33 0.71 3 52 7 1 3 1 1 1
A9 93 0.54 1 231 7 2 3 1 1 0.5
A10 93 0.54 1 233 7 2 2 1 1 0.5
All 93 0.54 1 233 7 2 3 1 1 0.5
Al2 93 0.54 1 270 7 2 4 1 1 0.6
Al13 99 0.33 1 378 7 1 3 1 1 0.6
Al4 63 0.76 1 381 7 1 4 1 1 0.6
Al5 28 0.65 3 460 7 1 3 2 1 0.7
Al6 63 0.67 1 590 7 1 3 1 1 0.6
Al17 69 0.73 1 187 7 1 3 1 1 0.7
Al18 100 0.25 1 1063 2 1 2 1 1 1
A19 100 0.25 1 1063 2 1 2 1 1 1
A20 99 0.26 1 1063 2 1 4 1 1 1
OPT 100 0.25 1 52 2 1 2 1 1 1

Table A6. The initial decision-making matrix, which presents the values of the criteria of social housing residents for social

housing and their significance g [17].

Criteria
Xr1 Xr2 Xr3 Xr4 Xr5 Xr6 Xr7 Xr8 Xr9 Xr10
min max min max max min min min min min
gi 0.281 0.107 0.101 0.142 0.073 0.061 0.061 0.07 0.08 0.024
Al 169 8 1 7 04 5 5 1 25 4
A2 200 7 2 10 0.7 40 10 1 27 4
A3 146 5 1 8 0.8 30 5 1 40 4
A4 162 8 2 8 0.8 30 5 1 20 2
Ab 106 7 3 8 0.6 60 5 1 28 4
A6 100 9 1 9 0.7 10 5 1 19 2
A7 63 5 5 7 0.7 55 5 2 30 3
A8 39 3 5 6 1 21 80 2 75 3
A9 104 9 1 9 0.5 21 1 1 15 2
A10 104 9 1 8 0.5 21 1 1 15 2
All 104 9 1 8 0.5 21 1 1 15 2
Al12 104 9 1 8 0.6 5 5 1 19 2
Al3 100 9 1 9 0.6 5 5 1 19 2
Al4 180 6 5 10 0.6 35 50 1 47 4
Al5 65 2 2 10 0.7 5 80 1 56 4
Alé6 229 5 4 9 0.6 10 35 1 40 4
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Table A7. Normalized and weighted decision-making matrix for COPRAS method (developed by the authors).

Al

0.01126183

0.0069217

0.00275

0.0109664

0.0028264

0.00248

0.0019701

0.0016364

0.0106

0.0005429

A2

0.01261325

0.005449

0.00275

0.003689

0.006595

0.00124

0.0019701

0.0016364

0.0106

0.0009500

A3

0.01051104

0.0069217

0.00275

0.0096496

0.006595

0.00124

0.0019701

0.0016364

0.0106

0.0010857

A4

0.01381451

0.0072163

0.00275

0.0032567

0.006595

0.00124

0.0019701

0.0016364

0.0106

0.0010857

A5

0.01216278

0.0055963

0.00275

0.0024023

0.006595

0.00124

0.0019701

0.0016364

0.0106

0.0008143

A6

0.01366435

0.0048599

0.00275

0.0083429

0.006595

0.00124

0.0019701

0.0016364

0.0106

0.0009500

A7

0.00991041

0.0063326

0.00275

0.0063326

0.006595

0.00124

0.0019701

0.0032727

0.0106

0.0009500

A8

0.00495521

0.0104562

0.00825

0.0005227

0.006595

0.00124

0.0014776

0.0016364

0.0106

0.0013571

A9

0.01396467

0.0079526

0.00275

0.0023219

0.006595

0.00248

0.0014776

0.0016364

0.0106

0.0006786

Al10

0.01396467

0.0079526

0.00275

0.002342

0.006595

0.00248

0.0009851

0.0016364

0.0106

0.0006786

All

0.01396467

0.0079526

0.00275

0.002342

0.006595

0.00248

0.0014776

0.0016364

0.0106

0.0006786

Al12

0.01396467

0.0079526

0.00275

0.002714

0.006595

0.00248

0.0019701

0.0016364

0.0106

0.0008143

Al3

0.01486562

0.0048599

0.00275

0.0037995

0.006595

0.00124

0.0014776

0.0016364

0.0106

0.0008143

Al4

0.00945994

0.0111926

0.00275

0.0038297

0.006595

0.00124

0.0019701

0.0016364

0.0106

0.0008143

Al5

0.00420442

0.0095726

0.00825

0.0046238

0.006595

0.00124

0.0014776

0.0032727

0.0106

0.0009500

Al6

0.00945994

0.0098671

0.00275

0.0059305

0.006595

0.00124

0.0014776

0.0016364

0.0106

0.0008143

Al7

0.01036088

0.0107508

0.00275

0.0018797

0.006595

0.00124

0.0014776

0.0016364

0.0106

0.0009500

Al8

0.01501577

0.0036818

0.00275

0.0106849

0.0018843

0.00124

0.0009851

0.0016364

0.0106

0.0013571

Al19

0.01501577

0.0036818

0.00275

0.0106849

0.0018843

0.00124

0.0009851

0.0016364

0.0106

0.0013571

A20

0.01486562

0.003829

0.00275

0.0106849

0.0018843

0.00124

0.0019701

0.0016364

0.0106

0.0013571

Table A8. Normalized and weighted matrix for summarizing part of WASPAS method (developed by the authors).

Al 0.1785 0.07606383 0.066  0.0050999 0.076 0.0155 0.0165 0.036 0.212 0.0076
A2 0.19992 0.09662162 0.066  0.0151608 0.0325714 0.031 0.0165 0.036 0.212 0.0133
A3 0.16660 0.07606383 0.066  0.0057958 0.0325714 0.031 0.0165 0.036 0.212 0.0152
A4 0.21896 0.07295918 0.066  0.0171728 0.0325714 0.031 0.0165 0.036 0.212 0.0152
A5  0.19278 0.09407895 0.066  0.0232803 0.0325714 0.031 0.0165 0.036 0.212 0.0114
A6  0.21658 0.10833333 0.066  0.0067036 0.0325714 0.031 0.0165 0.036 0.212 0.0133
A7  0.15708 0.08313953 0.066  0.0088317 0.0325714 0.031 0.0165 0.018 0.212 0.0133
A8  0.07854 0.05035211 0.022  0.1070000 0.0325714 0.031 0.0220 0.036 0.212 0.0190
A9  0.22134 0.06620370 0.066  0.0240866 0.0325714 0.0155 0.0220 0.036 0.212 0.0095
A10 0.22134 0.06620370 0.066  0.0238798 0.0325714 0.0155 0.0330 0.036 0.212 0.0095
All  0.22134 0.06620370 0.066  0.0238798 0.0325714 0.0155 0.0220 0.036 0.212  0.0095
Al12  0.22134 0.06620370 0.066  0.0206074 0.0325714 0.0155 0.0165 0.036 0.212 0.0114
Al13 0.23562 0.10833333 0.066  0.0147196 0.0325714 0.031 0.0220 0.036 0.212 0.0114
Al4 0.14994 0.04703947 0.066  0.0146037 0.0325714 0.031 0.0165 0.036 0.212 0.0114
Al5  0.06664 0.05500000 0.022  0.0120957 0.0325714 0.031  0.0220 0.018 0.212 0.0133
Al6  0.14994 0.05335821 0.066  0.0094305 0.0325714 0.031 0.0220 0.036 0.212 0.0114
Al17  0.16422 0.04897260 0.066  0.0297540 0.0325714 0.031 0.0220 0.036 0.212 0.0133
A18  0.23800 0.14300000 0.066  0.0052342 0.1140000 0.031 0.0330 0.036 0.212 0.0190
A19  0.23800 0.14300000 0.066  0.0052342 0.1140000 0.031 0.0330 0.036 0.212 0.0190
A20 0.23562 0.137500000 0.066  0.0052342 0.1140000 0.031 0.0165 0.036 0.212 0.0190
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Table A9. Normalized and weighted matrix for multiplication part (developed by the authors).

Al 0.933823 0.9136828 1 0.7220464 0.954829 0.9787417 0.9773858 1 1 0.9827411
A2 0.9593531 0.9454805 1 0.8113217 0.8669145 1 0.9773858 1 1 0.9932461
A3 0.9186146 0.9136828 1 0.7319971 0.8669145 1 0.9773858 1 1 0.9957692
A4 0.9803508 0.9082541 1 0.8222124 0.8669145 1 0.9773858 1 1 0.9957692
A5 0.9510852 0.9418817 1 0.8494225 0.8669145 1 0.9773858 1 1 0.9903413
A6 0.9778041 0.9610764 1 0.7434829 0.8669145 1 0.9773858 1 1 0.9932461
A7 0.9058399  0.9253786 1 0.7657428 0.8669145 1 0.9773858 0.9753555 1 0.9932461
A8 0.7680798 0.8613417 0.9300579 1 0.8669145 1 0.9867088 1 1 1
A9 0.9828765 0.8957217 1 0.8525226 0.8669145 0.9787417 0.9867088 1 1 0.9869165
A10 0.9828765 0.8957217 1 0.8517365 0.8669145 0.9787417 1 1 1 0.9869165
All 0.9828765 0.8957217 1 0.8517365 0.8669145 0.9787417 0.9867088 1 1 0.9869165
Al2 0.9828765 0.8957217 1 0.83841 0.8669145 0.9787417 0.9773858 1 1 0.9903413
A13 0.9976109 0.9610764 1 0.808762  0.8669145 1 0.9867088 1 1 0.9903413
Al4 0.895866  0.8530001 1 0.8080782 0.8669145 1 0.9773858 1 1 0.9903413
Alb5 0.7386243 0.8722858 0.9300579 0.7919491 0.8669145 1 0.9867088 0.9753555 1 0.9932461
Alb 0.895866  0.8685138 1 0.7711364 0.8669145 1 0.9867088 1 1 0.9903413
Al17 09154742 0.8579268 1 0.8720177 0.8669145 1 0.9867088 1 1 0.9932461
Al8 1 1 1 0.7240579 1 1 1 1 1 1
A19 1 1 1 0.7240579 1 1 1 1 1 1
A20 0.9976109 0.9944071 1 0.7240579 1 1 0.9773858 1 1 1

Table A10. The main results and rank of calculations (COPRAS and WASPAS) (developed by the

authors).
COPRAS WASPAS

Al 0.046058 0.62113111
A2 0.054097 0.66920271
A3 0.044846 0.58805007
A4 0.0539 0.66802909
Ab 0.054919 0.67705963
A6 0.050812 0.66349593
A7 0.04604 0.58265386
A8 0.040039 0.5683961

A9 0.053045 0.66267223
A10 0.053558 0.67195586
All 0.053023 0.66228297
Al12 0.052255 0.65216668
Al13 0.057408 0.71326512
Al4 0.044817 0.56761251
Al5 0.035293 0.43893124
Al6 0.044574 0.56598893
Al17 0.048552 0.61885593
Al18 0.057473 0.81064607
A19 0.057473 0.81064607
A20 0.055977 0.78744943

Author Contributions: Conceptualization, E.K., R.B., and P.A.F.; methodology, E.K., M.M., and
R.B.; calculations, M.M. and E.K; validation, M.M. and E.K.; investigation, E.K.; resources, E.K.
and M.M.; data curation, E.K,; writing—original draft preparation, E.K. and M.M.; writing —re-
view and editing, P.AF.; visualization, E.K.; supervision, R.B. and P.A.F.; project administration,
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