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This research examines the potential of widespread façade systems to improve 
energy performance and enhance user comfort in residential buildings. Utilizing 
Design Builder software (Version 5.0.3.7), the study specifically aimed to reduce 
heating energy consumption, a significant concern in the climatic conditions of 
Serbia. The methodology incorporated both technical performance assessments 
and economic analyses, evaluating the economic viability through metrics such as 
return on investment, Net present value, and internal rate of return. The multi-cri-
teria evaluation framework employed allowed for a comprehensive analysis, bal-
ancing technical performance with economic and qualitative factors to identify 
the most favorable façade systems. By addressing both the immediate economic 
returns and longer-term benefits, this research contributes to a more sustainable 
and economically feasible building practice.
Key words: glazing systems, façades, residential buildings, energy performance, 

cost benefit analysis

Introduction

The urgent need for energy renovation in Serbia’s residential sector is driven by press-
ing ecological, economic, and architectural imperatives. Serbia lags significantly behind Euro-
pean standards in energy efficiency, which is particularly evident in its outdated housing stock. 
Current data reveal that over 400000 homes in Serbia lack adequate thermal insulation, leading 
to an average energy consumption of 220 kWh/m²/year – drastically higher than the European 
average of 70 kWh/m²/year [1, 2]. This substantial discrepancy underscores the critical neces-
sity for developing a model that not only enhances the thermal properties of Serbian residential 
buildings but also addresses the broader issues of energy efficiency and internal comfort. Hav-
ing all that in mind following research questions had occurred: 
	– RQ1: What are the most effective strategies for improving the thermal efficiency of residen-

tial buildings in Serbia?
	– RQ2: How can advanced thermal insulation and glazing systems be integrated into existing 

buildings to optimize energy efficiency and internal comfort?
	– RQ3: What are the ecological and economic benefits of implementing such energy renova-

tion strategies in Serbia’s residential sector?
The literature underscores the importance of sustainable architecture and energy-effi-

cient design in achieving global sustainability goals [3-9]. Advanced thermal insulation and en-

* Corresponding author, e-mail: mirjana.miletic@pr.ac.rs



Marković, S. P., et al.: Enhancing Sustainable Façade Design ... 
1000	 THERMAL SCIENCE: Year 2025, Vol. 29, No. 2A, pp. 999-1014

ergy-efficient glazing systems are critical components in this effort, offering substantial energy 
savings and improved thermal comfort [10-14]. In the context of Serbia, energy renovation of 
residential buildings presents a significant opportunity to reduce environmental impact, lower 
energy costs, and enhance living conditions [15-18]. This literature review highlights the need 
for a comprehensive approach that integrates advanced materials, design innovations, and aes-
thetic considerations to create sustainable, energy-efficient buildings.

The theoretical framework guiding this study is rooted in the principles of sustainable 
architecture and energy-efficient design. The concept of sustainability here is multifaceted, encom-
passing not only environmental considerations but also economic and social dimensions. By focus-
ing on energy efficiency, the study aligns with the broader global sustainability goals, such as reduc-
ing carbon footprints and minimizing energy consumption in the built environment. Central to this 
theoretical perspective is the notion that buildings are not just static structures but dynamic entities 
that interact with their environment [19]. The application of advanced thermal insulation in building 
envelopes – such as facçades, roofs, and floors – is a key strategy in reducing energy consumption 
and associated costs [20]. This approach aligns with theories of passive solar design, which advocate 
for the use of building orientation, material properties, and design innovations to naturally regulate 
indoor temperatures [21]. Another crucial aspect of the theoretical framework is the role of ener-
gy-efficient glazing systems. Modern glazing technologies, featuring advanced materials and design 
innovations like thermal insulating glass and high performance frames, contribute significantly to 
thermal comfort and energy performance [22]. These systems not only reduce the need for active 
heating and cooling but also enhance the building’s resilience to external environmental factors [23]. 
Moreover, the architectural integration of these energy-efficient components must strike a balance 
between aesthetic appeal and functional durability. This balance is essential in creating buildings 
that are not only energy-efficient but also capable of withstanding adverse weather conditions and 
mechanical impacts over time [24]. This study seeks to develop a comprehensive approach to energy 
renovation in Serbia’s residential buildings, with a particular focus on improving thermal insulation 
and glazing systems. By addressing these issues, the research aims to contribute to the broader sus-
tainability goals of reducing environmental impact and energy costs, while simultaneously enhanc-
ing the living conditions of Serbian residents.

Materials and methods

To conduct technical and economic analyses on selected façade solutions for energy 
renovation, a family house with two units in Batajnica, a suburb of Belgrade, was chosen,  
fig. 1. Built in the 1980's with solid brick construction, this incomplete house typifies residen-
tial dwellings in Serbia, constituting 43.86% of the total [25]. Consequently, the findings of the 
technical-economic analysis conducted in this research can be extrapolated to similar types of 
family housing units commonly found throughout Serbia. 

Figure 1. (a) and (b) Family house in Batajnica, Belgrade, and (c) and (d) model in DesignBuilder software
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Technical description of the house

The building is a standalone structure, characterized by a unique floor plan measuring  
7.9 m by 4.4 m. Adequate openings have been strategically positioned to fulfill the basic require-
ments for natural lighting and ventilation within individual rooms, while maintaining minimal visual 
or functional connection with the surrounding terrain or immediate environment. Specifically, a 
14 cm thick layer of thermal insulation has been installed between the rafters in the roof structure, 
supplemented by an additional 10 cm of insulation over the LMT ceiling on the first floor, directed 
towards the unheated attic space. Although the façade has been plastered, it lacks sufficient thermal 
insulation (with a thickness of 5 cm). The windows are wooden and feature single glazing, contrib-
uting to heat loss. Moreover, there is no thermal insulation in the flooring, although a 2.2 cm layer 
of parquet has been laid over the concrete floor slab. Heating is provided by a wood stove in combi-
nation with electricity heating. Consequently, only the living area on both floors is currently heated, 
forming an independent spatial and functional unit within the structure [25]. 

Proposed measures of improvement of energy efficiency of the building

Although unfinished, this facility cannot be improved without major investments and 
serious interventions. Proposed measures to improve the thermal characteristics include the 
improvement of façade and replacement of window systems. Façade systems are presented 
as combination of W1, W2, W3 façade wall, tabs. 1-3 and P1-P6 window construction, tab. 4. 
Suggested options include investigation of energy efficiency of: 
	– the existing façade envelope (cement plaster 0.02 m, brick 0.25 m, mineral wool 0.05 m, and 

gypsum plaster 0.012 m) with the change of window systems that include wooden, PVC or 
aluminum frames with double or triple low emission glass with argon filling W1,

	– Demit façade cladding with a thermal insulation layer of expanded polystyrene d = 10 cm, 
options include wooden, PVC or aluminum frames with double or triple low emission glass 
with argon filling W2, and

	– Sandwich façade envelope with a heat-insulating layer of expanded polystyrene d = 5 cm, an 
air layer of 3 cm and a façade brick d = 12 cm, and for window systems the options offered in-
clude wooden, PVC or aluminum frames with double or triple low emission glasses with argon 
filling, W3.

Tables 1-3 provide an overview of the technical characteristics of the improved posi-
tions of the thermal envelope.

Table 1. Technical characteristics of the  
existing façade wall W1

Layers d [m] λ U [Wm–2K–1]
Gypsum plaster 0.013 0.85

0.547Brick wall 0.25 0.61
Mineral wool 0.05 0.041
Cement plaster 0.02 0.85

Table 3. Technical characteristics of the ventilated sandwich façade wall W3
Layers d [m] λ U [Wm–2K–1]

Gypsum plaster 0.013 0.85

0.435
Brick wall 0.25 0.61
Expanded polystirene 0.05 0.035
Vapour layer 0.005 0.21
Air 0.01 0.026
Brickwork outer 0.12 0.76

Table 2. Technical characteristics 
of the demit façade W2

Layers d [m] λ U [Wm–2K–1]
Gypsum plaster 0.013 0.85

0.291Brick wall 0.25 0.61
Expanded polystirene 0.100 0.035
Cement plaster 0.02 0.85
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Technical characteristics of the proposed windows construction are presented in the 
tab. 4.

Table 4. Window construction

Window 
construction Frame Glass

U [m–2K–1]
Uf Ug

Window P1 Laminated wood  
(d = 68 mm) spruce

Double glazing ar
(4-float + 16 + 4-low emission glass) 3.633 2.566

Window P2 Laminated wood  
(d = 68 mm) spruce

Triple glazing ar
(4-float + 16 + 16 + 4-low emission glass) 3.633 1.601

Window P3 PVC five chambered Double glazing ar
(4-float + 16 + 4-low emission glass) 3.476 2.566

Window P4 PVC five chambered Triple glazing ar
(4-float + 16 + 16 + 4-low emission glass) 3.476 1.601

Window P5 Alluminium  
with thermal break

Double glass ar
(4-float + 16 + 4-low emission) 5.014 2.566

Window P6 Alluminium  
with thermal break

Triple glazing ar
(4-float + 16 + 16 + 4-low emission glass) 5.014 1.601

The choice of the optimal option will depend on the most favorable ratio of the re-
quired investment and the energy savings that the offered option brings.

Thermal behavior of the façade systems

The research was carried out using the program DesignBuilder, Version 5.0.3.7. It is 
a software package for calculating the energy needs, comfort and CFD analysis of all kind of 
buildings [26].

Table 5 shows the results of the calculation of the thermal behavior of the proposed 
facade systems. 

Table 5. Energy consumption for different façade systems [kW]

Façade
Existing façade Demit façade Sandwich façade

Window construction

Existing window construction P0 16517.48 – –

Window construction P1 15690.30 13191.91 14361.07

Window construction P2 15055.72 12537.91 13900.63

Window construction P3 15686.05 13187.52 14497.44

Window construction P4 15051.74 12533.84 13896.49

Window construction P5 15745.21 13249.54 14557.67

Window construction P6 15107.49 12591.31 13952.47
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Table 6 gives an overview of energy saving comparing with the existing situation.

Table 6. Energy saving for different façade systems [kW]

Façade
Existing façade Demit façade Sandwich façade

Window construction

Existing window construction P0 – – –

Window construction P1 827.18 3325.57 2156.41

Window construction P2 1461.76 3979.57 2616.85

Window construction P3 831.43 3329.96 2020.04

Window construction P4 1465.74 3983.64 2620.99

Window construction P5 772.27 3267.94 1959.81

Window construction P6 1409.99 3926.17 2565.01

Based on the obtained results shown in tab. 6, it can be seen that the greatest savings 
in the amount of energy consumed for heating are realized in the combination of façade clad-
ding 2 – Demit façade and window construction P4-PVC five-chamber profile with triple glass 
(4-float + 16 + 4 + 1 6 + 4-low emission) filled with argon.

Cost benefit analysis

Cost benefit analysis (CBA) is among the traditional methods of evaluation based on 
the analysis of economic (financial) indicators of projects. It evaluates the profitability of proj-
ects, thus enabling their prioritization [27]. 

Although existing manuals for CBA may have different definitions of steps, they gen-
erally include the following: project context and objectives, project identification, justification 
of the project and alternative options, financial analysis, economic and risk analysis [28].

Net savings in current costs for each year, which resulted from investments in energy 
efficiency measures and projects:
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where B is the total annual savings, Bt – the energy saving for one year (t = 1,..., n), Pe – the 
price of energy for one year, and ΔCе – the change of investment costs comparing with situation 
before changes in the project.

Role of cost benefit analysis in the implementation of  
measures for improving energy efficiency

The decision on project financing is based on financial indicators, often involving an 
assessment of the net present value (NPV) and the internal rate of return (IRR). The NPV is 
obtained by subtracting the present value of project revenues from the present value of total 
project investment costs [29]:
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where n [year] is the economic lifespan of the project expressed, B – the net inflow of the project 
in the observed year, dr – the discount rate, and PVI – the value of total project investment costs.
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A project is profitable when the NPV is greater than zero, meaning that the discounted 
savings over the economic lifespan of the project exceed the discounted total investments. Oth-
erwise, investing in such a project does not make sense. 

The IRR is the discount rate at which the present value of savings equals the present 
value of total project costs, or the discount rate at which the NPV of the project equals zero:

( ) ( ) ( ) ( )
0 1 2

0 1 2   ,
1 1 1 1

n
n

B BB B PVT IRR d
d d d d

+ + ++ = =
+ + + +

(3)

where B is the net income in the nth year and n – the duration of the project in years. The IRR of 
a project should be greater or at least equal to the discount rate, which reflects the cost of funds 
for financing the project [30]. 

The following initial assumptions have been adopted for cost benefit:
	– the period of works is in 2023,
	– the observed period of this analysis is from 2024 to 2074, that is, the period of exploitation 

is 50 years,
	– the analysis was performed in constant fixed prices in 2023,
	– discount year is 3.5%,
	– investment costs include all costs for financing, i.e. equipment and construction, and
	– maintenance depends on external influences and changes in the state of the façade and win-

dow systems during the analysis period.

Data for cost benefit analysis

Cost-benefit analysis plays a crucial role in implementing measures to enhance energy 
efficiency by considering the financial implications of such measures. While various approach-
es can improve energy efficiency, it is essential to weigh the financial effects of these initiatives.

When calculating investment costs, price lists of equipment and materials that are 
current on the market were used. Investments costs of the façade envelope systems and window 
constructions are given in the tab. 7. 

Table 7. Investments costs of façades
Facades  Unit Quantity Total price [€]

Existing facade
m2 349.16

0
Demit façade 3782.57

Sendwich façade 10474.80

Investments costs of the façade envelope systems and window constructions are given 
in the tab. 8.

Table 8. Investments costs of façades and window constructions
Windows Existing façade [€] Demit façade [€] Sendwich façade [€]

Window construction P1 5335.50 9118.07 15810.30
Window construction P2 5691.20 9473.77 16166.00
Window construction P3 3734.85 7517.42 14209.65
Window construction P4 3912.70 7695.27 14387.50
Window construction P5 6402.60 10185.17 16877.40
Window construction P6 6936.15 10718.72 17410.95
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The greatest savings in the amount of energy consumed for heating are achieved for 
façade systems:
	– combination of façade envelope 2 – Demit façade and window construction P2 – glued lam-

inated wood (d = 68 mm) – spruce with triple glass (4-float + 16 + 4 + 16 + 4-low emission) 
filled with argon and

	– combination of façade cladding 2 – Demit façade and window construction P4 – PVC 
five-chamber profile with triple glass (4-float + 16 + 4 + 16 + 4-low emission) filled with 
argon.

The CBA was applied for two alternative solutions of window constructions (wood 
and PVC) in combination with all three offered facade coverings.

Based on the official data of the electricity distribution Serbia, Belgrade (EDB) the 
calculation of the total financial savings of energy, which is achieved by creating the planned 
façade systems, was made. The calculation results are presented in tab. 9, where Ht signify the 
high tariff [kW] and Lt signify the low tariff [kW].

Table 9. Total financial saving of heating energy obtained by making 
façade systems (façade envelopes and windows)

Total energy saving [kW] Total financial saving [€]

Consumption  
zones Existing façade Demit façade Sendwich façade Existing 

façade
Demit
façade

Sendwich
façade

W
in

do
w

 
co

ns
tru

ct
io

n 
P2

Ht Lt Ht Lt Ht Lт
Green zone 

(14%) 97.45 48.72 65.31 132.64 174.46 87.22 6.54 17.80 11.70

Blue zone 
(50%) 487.26 243.60 1326.53 663.20 872.29 436.10 49.00 133.46 87.76

Red zone 
(36%) 389.80 194.88 1061.22 530.56 697.83 348.88 78.44 213.54 140.42

Σ 1461.76 3979.57 2616.85
Σ [€] 133.98 364.80 239.88

W
in

do
w

 
co

ns
tru

ct
io

n 
P4

Green zone 
(14%) 97.72 48.85 265.58 132.77 174.73 87.36 6.55 17.81 11.72

Blue zone 
(50%) 488.58 244.27 1327.89 663.87 873.67 436.79 49.16 133.60 87.90

Red zone 
(36%) 390.87 195.41 1062.31 531.10 698.93 349.43 78.65 213.76 140.64

Σ 1465.74 3983.64 2620.99
Σ [€] 134.36 365.17 240.26

Scenario analysis for cost benefit analysis

The work execution scenario was analyzed, which includes the following financial 
indicators: ROI, NPV, and IRR.

The results of the analysis are presented in tab. 10. The indicators of the financial 
analysis for the window construction P2 are negative and show that the investment is not prof-
itable for any of the façade envelope alternatives offered. The ROI index shows that the invest-
ment return period for the demit façade is the shortest and amounts to 25.32 years, while it is 
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significantly longer for the other façade envelopes. The NPV values for all three alternatives 
are negative, and the IRR for all three alternatives is lower than the adopted discount rate of 
3.5%. From this it can be concluded that this combination of improving the façade system is 
unprofitable.

Table 10. Cost benefit analysis results for the façade system 
(window construction P4 and facade envelope)

Façade Discount [%] Investment 
value, Iu [€]

Net saving,
В [€]

ROI
 [per annuelly] NPV IRR [%]

Window  
construction

P2

Existing 3.50 5691.20 137.43 41.41 –2467.10 1.20
Demit 3.50 9473.77 374.15 25.32 –660.21 3.05

Sendwich 3.50 16166.00 260.03 65.71 –10394.14 –6.20

Window  
construction

P4

Existing 3.50 3912.70 137.81 28.39 –688.53 2.21
Demit 3.50 7695.27 374.54 20.55 1082.38 4.19

Sendwich 3.50 14387.50 246.42 58.39 –8615.57 –5.20

For window construction P4, financial analysis indicators indicate the profitability 
of the Demit façade alternative, where the IRR is 4.19% and is higher than the discount rate  
(d = 3.5%), and the NPV > 0 (NPV = €1082.38). For this combination of facade system (win-
dow construction P4 – Demit façade the ROI index indicates that the pay-back period is 20.55 
years, whereas for other combinations of window constructions and façade cladding, it is sig-
nificantly longer.

Multi-criteria evaluation

Multi-criteria analysis and evaluation, often referring to multi-attribute evaluation, 
involves selecting and ranking solutions from a set of options in a discrete decision-making 
space. This paper uses the term multi-criteria evaluation to mean multi-attribute evaluation, 
which also encompasses multi-objective evaluation.

Multi-criteria evaluation is both a problem-solving approach and a collection of tech-
niques aimed at ranking alternatives from most to least favorable [31]. Alternatives differ in 
how well they meet the objectives of selected criteria, and it is unlikely that one option will be 
the best in all aspects. Often, goals and criteria conflict with each other.

Common multi-criteria evaluation methods include SAW, AHP, TOPSIS, ELECTRE, 
PROMETHEE GAIA, MAUT, and multi criteria compromise ranking (VIKOR) [32]. This pa-
per will utilize the VIKOR method for the evaluation process.

The VIKOR method , along with the VIKOR software package, solves optimization 
problems with multiple heterogeneous and conflicting criteria. The obtained solution is a com-
promise, which can be either unique or represent a set of close solutions. A compromise solu-
tion is a feasible solution that is closest to the ideal solution. This can be especially useful in 
situations where ideal solutions are not possible and a compromise needs to be made between 
the available alternatives. The ideal solution is determined based on the best criterion values 
and is usually not found within the given set of alternative solutions [33]. The VIKOR uses 
relative differences between alternatives to assess how much each alternative deviates from the 
ideal solution.

The result of the VIKOR method includes ranking lists (based on measures QR, Q, for 
v = 0.5, and QS), as well as a compromise alternative or a set of compromise solutions. These 
results serve as the basis for decision-making and the adoption of the most favorable (multi-cri-
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teria optimal) solution [34]. The VIKOR can be effective in situations where quick ranking of 
alternatives and identification of a compromise solution is needed without the complex calcu-
lations characteristic of some other multi-criteria analysis methods.

In contrast to VIKOR, many methods such as AHP and TOPSIS use different approach-
es such as weighting criteria or ranking alternative solutions relative to ideal points. Methods 
like multi-attribute utility theory (MAUT) may use absolute values and often focus more on 
aggregating utility or costs rather than compromise. The VIKOR method can integrate criterion 
weights into its model to adjust the importance of different criteria when evaluating alternatives. 
Methods like Elimination Et Choix Traduisant la Réalité (ELECTRE) also use weights but often 
in different ways, such as eliminating alternatives that do not meet minimum criteria.

Evaluation of offered alternative solutions of  
façade systems using the VIKOR method

For the application of the method, tab. 11. has generated 18 alternative solutions for 
façade systems – façade cladding – (3) and window constructions – (6), which are presented in 
section Proposed measures of improvement of energy efficiency of the building.

Table 11. Offered alternative solutions
Windows Existing façade Demit façade Sendwich façade

Window construction P1 A11 A21 A31
Window construction P2 A12 A22 A32
Window construction P3 A13 A23 A33
Window construction P4 A14 A24 A34
Window construction P5 A15 A25 A35
Window construction P6 A16 A26 A36

During the selection of the optimal variant of the proposed façade system solutions, 
evaluation criteria were defined and elaborated through appropriate indicators. Table 12 pres-
ents the evaluation criteria and indicators.

Table 12. Selected criteria and corresponding indicators
Criteria Ext. Indicators

Construction investment costs [€] minimum The amount of invested funds for the construction of the  
facade system (façade cladding + window system)

Energy saving [€] maximum Monetary equivalent of energy savings for heating

ROI [year] maximum The time period required to recover the  
invested funds through achieved energy savings

Maintenance cost minimum The number of maintenance cycles as  
recommended by the manufacturer

Durability [year] maximum The time period provided by the manufacturer for the  
installed components of the façade system

Aesthetic effect maximum Rating (1-10) by respondents on the aesthetic  
appearance of the offered façade system

For determining the relative weights of the criteria, a simplified Delphi method [35], 
was applied on a sample of 15 respondents (civil engineers, architects). During the determina-
tion of the relative weights of the criteria, the respondents were presented with three scenarios. 
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For each of the presented scenarios, the respondents defined weight coefficients, which repre-
sent the numerical reflection of the importance of the criteria:
	– The decision maker gives the highest priority to the econoc effects the second and third cri-

teria, then the fourth and first, and critria fiv and six are equally less significant (ω1 = 0.12 
ω2= ω3 = 0.30, ω4 = 0.20, ω5 = ω6 = 0.04);

	– When deciding, the decision maker gives priority to the economic effects – the third crite-
rion, taking into account the aesthetic effect, so he also gives priority to the sixth criterion, 
then the second, fourth and fifth, while the first criterion is less significant (ω3= ω6 = 0.25, 
ω2 = ω4 = ω5 = 0.15, ω1 = 0.05).

	– For the decision maker, all criteria have equal importance, so their weights are equal  
(ω1 = ω2 = ω3=.. = ω6 = 0.1666).

For the indicator values, the numerical values presented in the previous chapters were 
used. For the criteria – construction costs and ROI, the values shown in tab. 10 were used; for 
the criterion – energy savings, the values from tab. 9 were used; while for the criteria – mainte-
nance costs and durability, data provided by the manufacturers were used. The criterion – aes-
thetic effect is represented by a descriptive rating (1-10) and depends on the impression of the 
respondents who participated in the Delphi method. Numerical values of the selected criteria 
and corresponding indicators are given in the tab. 13.

Table 13. Numerical values of offered solutions

Alternatives Investment 
value [€]

Energy  
saving [€] ROI [year] Maintenance

 cost
Durability

[year]
Aesthetic

1-10

А11 5335.50 77.77 68.61 3 50 10

А12 5691.20 137.43 41.41 3 50 10

А13 3734.85 78.17 47.78 3 50 10

А14 3912.70 137.80 28.39 3 50 10

А15 6402.60 72.61 88.18 3 50 10

А16 6936.15 132.56 52.32 3 50 10

А21 9118.07 312.66 29.16 0.001 100 5

А22 9473.77 374.15 25.32 0.001 100 5

А23 7517.42 307.24 24.01 0.001 100 5

А24 7695.27 369.13 20.55 0.001 100 5

А25 10185.17 202.74 33.15 0.001 100 5

А26 10718.72 246.03 29.04 0.001 100 5

А31 15810.30 189.92 77.98 0.001 200 8.5

А32 16166.00 246.03 65.71 0.001 200 8.5

А33 14209.65 189.92 74.82 0.001 200 8.5

А34 14387.50 246.42 58.39 0.001 200 8.5

А35 16877.40 184.26 91.60 0.001 200 8.5

А36 17410.95 241.16 72.20 0.001 200 8.5



Marković, S. P., et al.: Enhancing Sustainable Façade Design ... 
THERMAL SCIENCE: Year 2025, Vol. 29, No. 2A, pp. 999-1014	 1009

Discussion of the results of VIKOR method

Scenario 1

Based on the established methodology, comparative presentation of criteria and indi-
cators with appropriate relative weights using the VIKOR method, the following results were 
obtained - ranking list of alternative solutions according to the QR – minimax strategy, Q – 
compromise, and QS – majority benefit, tab. 14:

Extreme indexes 0. 1. 0. 0. 1. 1.
Weight values: ω1 = 0.12, ω2 = 0.30, ω3 = 0.30, ω4 = 0.20, ω5 = 0.04, and ω6 = 0.04

Table 14. Results of multi criteria ranking QR, Q, and QS

Ranking list

QR Q QS

A24 0.400  A24 0.000 A24 0.101

A22 0.050 A22 0.045 A22 0.138
A23 0.061 A26 0.092 A26 0.176
A26 0.061 A23 0.092 A23 0.176
A21 0.061 A21 0.120 A21 0.061
A25 0.067 A25 0.154 A25 0.243
A34 0.160 A34 0.419 A34 0.393
A32 0.191 A32 0.505 A32 0.439
A16 0.218 A16 0.583 A16 0.483
A33 0.229 A33 0.627 A14 0.510
A14 0.235 A14 0.632 A33 0.516
A12 0.236 A31 0.660 A31 0.531
A16 0.240 A12 0.688 A12 0.581
A31 0.242 A16 0.744 A35 0.616
A13 0.295 A35 0.819 A16 0.649
A11 0.295 A13 0.916 A13 0.649
A15 0.300 A11 0.916 A11 0.752
A35 0.300 A15 1.000 A15 0.849

Based on the results of the evaluation using the VIKOR method based on the pre-
sented criteria and the ranking list according to QR, Q, and QS measures, tab. 16, it can be 
concluded that the alternative solution is the façade system A24 – window construction P4 
(PVC five-chamber frame with three-layer glass filled with argon) and façade Demit casing is 
the most favorable solution. The advantage of the alternative solution A24 in relation the first 
following alternative solution A22 is 0.045 (4.5%).

Scenario 2

Based on the established methodology, comparative presentation of criteria and in-
dicators with appropriate relative weights using the VIKOR method, the following results 
were obtained - ranking list of alternative solutions according to the QR – minimax strategy,  
Q – compromise, and QS – majority benefit, tab. 15:
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Extreme indexes: 0. 1. 0. 0. 1. 1.
Weight values: ω1 = 0.05, ω2 = 0.15, ω3 = 0.25, ω4 = 0.15, ω5 = 0.15, and ω6 = 0.25

Table 15. Results of multi criteria ranking QR, Q, and QS
Ranking list

QR Q QS
A34 0.133 A34 0.000 A34 0.311
A12 0.150 A32 0.141 A32 0.343
A13 0.150 A14 0.264 A24 0.364
A14 0.150 A36 0.267 A36 0.373
A16 0.150 A33 0.335 A22 0.388
A32 0.159 A12 0.343 A33 0.396
A11 0.169 A31 0.390 A23 0.407
A36 0.182 A13 0.410 A31 0.407
A33 0.191 A16 0.411 A26 0.408
A31 0.202 A24 0.498 A21 0.431
A15 0.238 A22 0.533 A14 0.446
A21 0.250 A23 0.561 A25 0.451
A22 0.250 A26 0.563 A35 0.468
A23 0.250 A21 0.598 A12 0.498
A24 0.250 A11 0.598 A13 0.543
A25 0.250 A25 0.629 A16 0.544
A26 0.250 A35 0.653 A11 0.622
A35 0.250 A15 0.957 A15 0.698

Based on the results of the evaluation using the VIKOR method based on the pre-
sented criteria and the ranking list according to QR, Q, and QS measures, tab. 15, it can be 
concluded that the alternative solution is the façade system A34 – window construction P4 
(PVC five-chamber frame with three-layer glass filled with argon) and façade Sandwich façade 
envelope is the most favorable solution. The advantage of the alternative solution A34 has a 
stable advantage compared to the first following alternative solution A32 and is 0.141 (14.1 %).

Scenario 3

Based on the established methodology, comparative presentation of criteria and in-
dicators with appropriate relative weights using the VIKOR method, the following results 
were obtained - ranking list of alternative solutions according to the QR – minimax strategy, 
Q – compromise, and QS – majority benefit, tab. 16:

Extreme indexes: 0. 1. 0. 0. 1. 1.
Weight values: ω1 = ω2 = ω3 = ω4 = ω5 = ω6 = 0.16666
Based on the results of the evaluation using the VIKOR method based on the present-

ed criteria and the ranking list according to QR, Q, and QS measures, tab. 16, it can be con-
cluded that the alternative solution is the façade system A34 – window construction P4 (PVC 
five-chamber frame with three-layer glass filled with argon) and façade Sandwich façade enve-
lope is the most favorable solution. The advantage of the alternative solution A34 has a stable 
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advantage compared to the first following alternative solution A33 – window construction P3 
covering is 0.085 (8.5%).

Table 16. Results of multi criteria ranking QR, Q, and QS
Range list Range list Range list

QR Q QS
A33 0.128 A34 0.044 A24 0.326
A34 0.130 A33 0.129 A34 0.339
A31 0.147 A32 0.338 A22 0.359
A32 0.151 A31 0.369 A23 0.366
A11 0.167 A24 0.417 A32 0.378
A12 0.167 A22 0.470 A26 0.386
A13 0.167 A23 0.480 A21 0.398
A14 0.167 A26 0.512 A33 0.407
A15 0.167 A21 0.531 A36 0.411
A16 0.167 A36 0.553 A25 0.423
A21 0.167 A25 0.572 A31 0.427
A22 0.167 A35 0.666 A35 0.482
A23 0.167 A14 0.670 A14 0.485
A24 0.167 A12 0.754 A12 0.537
A25 0.167 A13 0.792 A13 0.561
A26 0.167 A16 0.823 A16 0.580
A35 0.167 A11 0.901 A11 0.629
A36 0.167 A15 1.000 A15 0.691

Conclusions

To address the research questions and provide a summary of the paper the following 
findings have been reached related with the most effective strategies for improving thermal ef-
ficiency (RQ1). It is well known that these strategies are crucial in minimizing heat loss during 
winter and reducing the energy demand of buildings. The paper proposes practical measures for 
integrating advanced thermal insulation and glazing systems into existing buildings. High qual-
ity, properly installed windows with advanced glazing technologies significantly reduce heat 
transmission and ventilation losses (RQ2). Implementing the proposed energy renovation strat-
egies offers significant ecological and economic benefits. Ecologically, the reduction in energy 
consumption leads to lower greenhouse gas emissions, contributing to Serbia’s sustainability 
goals. Economically, the decreased energy demand translates to lower heating costs for resi-
dents, offering long-term financial savings (RQ3). This paper proposes practical architectural 
measures to significantly improve the thermal properties of buildings, focusing on enhancing 
reducing winter heating costs [31]. Key elements of the thermal envelope causing heat loss 
were identified, with façade glazing areas replacement being particularly effective, in order to 
reduce energy demand of buildings through compliance with envelopes thermal property reg-
ulations [36]. It is well known that high quality, properly installed windows can significantly 
reduce heat transmission and ventilation losses. This paper addresses specific data related to 
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these benefits. Glass is a key material in modern architecture, offering significant technological 
advancements. Proper selection of glass can greatly enhance building energy efficiency. Vari-
ous facade and window combinations were analyzed using Design Builder software to identify 
the best solution for improving energy performance in typical family houses in Belgrade. A 
detailed simulation and analysis were conducted to evaluate the impact of proposed changes 
on building performance. This was followed by a cost-benefit analysis to assess the financial 
viability of the proposed solutions. For the two proposed facade construction solutions, key 
financial indicator ROI, NPV, and IRR were analyzed.

The results indicate the viability of the alternative solution involving a PVC five-cham-
ber profile with triple glazing and a Demit façade. This solution has an IRR of 4.19%, exceed-
ing the discount rate of 3.5%, and a positive NPV of 1082.38 €. The ROI is 20.55 years for 
this combination of façade system improvements. In contrast, the second alternative (window 
construction with laminated glued wood and triple glazing filled with argon) yielded negative 
financial indicators, with a significantly longer pay-back period. This clearly indicates that 
the second project is not financially viable and not currently a profitable investment. Despite 
the benefits, the lengthy pay-back period may deter potential investors, highlighting the need 
for state incentives to promote energy efficiency investments. It is crucial to consider both 
monetary and non-monetary factors in decision-making, and methodologies like multi-criteria 
evaluation can facilitate comprehensive assessments. Using the VIKOR method, alternative 
solutions were evaluated across three scenarios:
	–  prioritizing economic effects, 
	– considering both economic and aesthetic effects, and 
	– giving all criteria equal weight. 

The results showed that in the first scenario, the A24 solution (PVC five-chamber frame with 
triple glazing filled with argon and a Demit façade) outperformed the next best option, a wooden 
frame with laminated glued wood and the same facade, by 0.045 (4.5%). In the second scenario, 
the A34 solution (PVC five-chamber frame with triple glazing filled with argon and a Sandwich 
façade showed a significant advantage over the A32 solution (wooden frame with laminated 
glued wood, triple glazing filled with argon, and a Sandwich façade) by 0.141 (14.1%). In the 
third scenario, A34 also outperformed A33 (PVC five-chamber frame with double glazing filled 
with argon and a Sandwich façade) by 0.085 (8.5%). Considering both the cost-benefit and 
VIKOR analyses, the optimal solution is a PVC five-chamber frame with triple glazing filled 
with argon and a Demit façade. This solution offers the best balance of energy performance and 
financial viability in the values provided by given calculations. 

The IEA reports that improving energy efficiency in buildings could reduce global 
CO2 emissions by up to 40% by 2040 . This is particularly relevant in the context of residential 
buildings, which account for a significant portion of energy consumption worldwide. The focus 
on energy efficiency and this kind of glazing replacement aims towards achieving these goals 
and is not only an environmental imperative but also an economic strategy, as it leads to sub-
stantial cost savings over the life cycle of buildings [37].

In conclusion, the paper underscores the importance of a comprehensive approach to 
energy renovation, focusing on practical architectural solutions that enhance the thermal prop-
erties of buildings while delivering ecological and economic advantages. By adopting a holistic 
approach to energy renovation, this research will contribute to the development of more sus-
tainable built environments, aligning with global efforts to combat climate change and promote 
resource efficiency. As a proposal for future research the findings will be particularly valuable 



Marković, S. P., et al.: Enhancing Sustainable Façade Design ... 
THERMAL SCIENCE: Year 2025, Vol. 29, No. 2A, pp. 999-1014	 1013

for regions with different climate conditions facing significant challenges in terms of energy 
consumption, economic constraints, and environmental degradation.

Nomenclature
Ht 	 – high tariff, [KW]
Lt 	 – low tariff, [KW]
U	 – thermal transmittance, [Wm–1K–1]
Uf 	– U value of the frame, [Wm–1K–1]

Ug	 – U value of the glass, [Wm–1K–1]

Greek leter

λ 	 – thermal conductivity coefficient, [Wm–1K–1]
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