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Abstract:  The study analyzes the thermal protection of a building located in Karaganda, Republic of Kazakhstan, using 

the ANSYS software, taking into account the region’s cold climate. A newly developed energy-efficient three-

layer panel made of highly porous polystyrene concrete was proposed, and its thermal characteristics were 

compared with those of traditional wall constructions made of solid and hollow ceramic bricks. As a result, 

the proposed new construction proved to be effective, with a thermal resistance value 8.8% and 5.6% higher 

than that of traditional constructions. Moreover, the analysis of specific characteristics and energy loads of 

the wall constructions demonstrated that the new three-layer panel made of highly porous polystyrene 

concrete is 2.5% more efficient than traditional solutions. Additionally, the proposed construction can reduce 

construction costs by up to 15% compared to conventional options. The findings of this study can be utilized 

by scientific and technical centers in the design or renovation of buildings. 

1 INTRODUCTION  

In the contemporary world, increasing attention is 

being paid to the issue of building and structure 

energy efficiency. Energy efficiency refers to the 

ability of buildings and structures to use energy more 

efficiently, thereby reducing energy consumption and 

harmful environmental emissions. In many countries, 

energy used for heating residential premises accounts 

for up to 40% of the energy consumption in the 

residential sector, representing the largest expenditure 

item (Kurt, 2010). Therefore, effective insulation of 

residential buildings plays a crucial role in reducing 

energy consumption in the residential sector 

(Demirbas, 2001; Bolatturk, 2006). Optimal wall and 

roof insulation can save over 70% of the energy 

required for heating (Hasan, 1999). For instance, in 

multi-apartment residential buildings, heat losses 

occur as follows: 20-30% through facade walls, 30-
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40% through airing systems, 12-25% through 

windows and entrance doors, 10-20% through the 

roof, and 3-6% through the basement (Tagybayev, 

Baidilla, Sapargaliyeva, Shakeshev, Baibolov, 

Duissenbekov, Utelbayeva, Kolesnikov, Izbassar, 

Kozlov, 2023; Zhangabay, Zhangabay, Utelbayeva, 

Tursunkululy, Sultanov, Kolesnikov, 2025; 

Tursunkululy, Ibraimova, Abdikerova, 2024; 

Cholewa, Balaras, Nižetić, Siuta-Olcha, 2020). This 

study places particular emphasis on exterior walls due 

to the diversity of structural solutions (Kudabayev, 

Mizamov, Zhangabay, Suleimenov, Kostikov, 

Vorontsova, Buganova, Umbitaliyev, Kalshabekova, 

Aldiyarov, 2022; Zhangabay, Kudabayev, Mizamov, 

Imanaliyev, Kolesnikov, Moldagaliyev, Merekeyeva, 

2023; Zhangabay, Baidilla, Tagybayev, Suleimenov, 

Kurganbekov, Kambarov, Kolesnikov, Ibraimbayeva, 

Abshenov, Volokitina, Nsanbayev, Anarbayev, 2023; 

Tagybayev, Utelbayeva, Buganova, Tolganbayev, 
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Tulesheva, Jumabayev, Kolesnikov, Kambarov, 

Imanaliyev, Kozlov, 2023; Zhangabay, Baidilla, 

Tagybayev, Sultan, 2023; Bonopera, Baidilla, 

Utelbayeva, Tursunkululy, 2023) and the use of 

innovative materials (Chepela, Tursunkululy, 

Zhangabay, Kolesnikov, 2024). Additionally, key 

criteria for achieving building energy efficiency 

include adopted strategies (Michalak, 2021; Nik, 

Mata, Kalagasidis, Scartezzini, 2016; Zhangabay, 

Abshenov, Bakhbergen, Zhakash, 2022; 

Tazhentayeva, Ahmed, 2024) and regulatory 

documentation. Collectively, addressing these issues 

leads to significant thermal energy savings. Various 

researchers have explored different approaches to 

achieving energy efficiency. For example, in (Qi, 

Utaberta, Lau, Yanfang, Xiyao, 2025), two types of 

green facades were applied to the facade systems to 

enhance building energy efficiency. The study 

(Kontoleon, Eumorfopoulou 2010) revealed that 

rooms with indirect green facades covered with 

Parthenocissus quinquefolia demonstrated the highest 

energy-saving level of 45.75%. In contrast, rooms 

with direct green facades covered with Humulus 

scandens achieved an energy-saving coefficient of 

only 6.43%. The article (Ibrahim, Imghoure, Tittelein, 

Belouaggadia, Chehade, Sebaibi, Lassue, Zalewski, 

2025) provides a comprehensive review of recent 

studies on passive ventilated solar facades and their 

integration into building envelopes, focusing on 

relevant improvements in energy efficiency and the 

reduction of traditional heating and cooling methods 

(Tagybayev, Zhangabay, Suleimenov, Avramov, 

Uspenskyi, Umbitaliyev, 2023; Zhangabay, 2024; 

Zhangabay, 2024). The review (Gonçalves, 

Figueiredo, Almeida, 2024) examines the influence of 

climate and thermal inertia on these results. The 

analysis of adaptive dynamic facades demonstrated 

their high efficiency in enhancing overall 

performance (Zhangabay, Tursunkululy, Utelbayeva, 

Abdikerova, Sultanov, 2025; Zhangabay, Oner, 

Rakhimov, Tursunkululy, Abdikerova, 2025). In 

(Alpar, Berger, Mazuroski, Belarbi, 2024), a practical 

study is conducted on a house wall exposed to 

different climatic conditions throughout the year 

(Giyasov, Ibraimova, Tursunkululy, Kolesnikov, 

2024). Optimal shapes of the outer wall boundary are 

determined, considering that the optimized facade 

uses the same amount of material as a standard flat 

facade. The results indicate a substantial 

improvement in energy efficiency compared to the 

reference flat wall.  

Article (Ivanović-Šekularac, Čikić-Tovarović, 

Šekularac, 2016) presents the traditional impact of 

using wood as a cladding element in modern 

architecture, offering an analysis of the functional and 

design potential of wood as part of ventilated facade 

systems and its effect on energy efficiency. Special 

attention is given to an object subjected to various 

reconstruction methods and facade system 

modifications to meet energy-saving requirements. 

The authors in (Zhangabay, Bakhbergen, Aldiyarov, 

Tursunkululy, Kolesnikov, 2024) review recent 

advances in the development of thermal energy 

storage materials for building applications (Borodin, 

Zhangabay, 2019), focusing on low-rise buildings in 

the context of environmental climate parameters 

(Zhangabay, Giyasov, Ybray, Tursunkululy, 

Kolesnikov, 2024; Giyasov, Ybray, Tursunkululy, 

2024; Stanevich, Bulyga, Vyshar, Girnis, Rakhimova, 

2022). 

The conducted literature review indicates that 

diverse innovative structural solutions and new 

energy-efficient materials are being implemented to 

achieve building energy efficiency. However, the 

review also identifies certain gaps in the 

comprehensive assessment of building energy 

efficiency considering exterior facade structures. In 

continuation of the work (Rakhimova, Zhangabay, 

Samoilova, Rakhimov, Kropachev, Stanevich, 

Karacasu, Ibraimova, 2024), the authors propose 

conducting an energy assessment to determine the 

building’s energy efficiency class, based on a 

previously developed three-layer panel structure. It 

should be noted that improving the energy efficiency 

of existing buildings will lead to additional savings in 

maintenance costs (Ibraimova, Suleimenov 

Moldagaliyev Buganova, Jumabayev, Kolesnikov, 

Tursunkululy,2023; Zhangabay, Ibraimova, 

Bonopera, Suleimenov, Avramov, Chernobryvko, 

Utelbayeva, Uspenskiy, 2024; Zhangabay, Ibraimova, 

Ainabekov, Buganova, Moldagaliev, 2024; 

Zhangabay, Ibraimova, Tursunkululy, Buganova, 

Moldagaliev, Duissenbekov, 2024; Zhangabay, 

Ibraimova, Bonopera, Suleimenov, Avramov, 

Chernobryvko, Yessengali, 2024) and in the 

construction of energy sector facilities (Tursunkululy, 

Avramov, Chernobryvko, Suleimenov, Utelbayeva, 

2022; Suleimenov, Abshenov, Utelbayeva, 

Imanaliyev, Mussayeva, Moldagaliyev, 

Yermakhanov, Raikhanova, 2022; Duissenbekov, 

Tokmuratov, Yerimbetov, Aldiyarov, 2020; 

Tursunkululy, Avramov, Chernobryvko, Kambarov, 

Abildabekov, Narikov, Azatkulov, 2023).   

2 METHODS AND MATERIALS  

2.1 Exterior Wall Enclosure Structures  
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The analysis considered three types of exterior wall 

enclosures. A newly proposed design involved a 

three-layer panel made of highly porous polystyrene 

concrete, whose thermal performance indicators were 

compared with those of existing exterior wall 

enclosures made of solid and hollow ceramic bricks. 

The primary geometric characteristics of the wall 

structures are presented in Figures 1-3, while the 

thermal performance indicators of the construction 

materials are provided in Tables 1-3. 

 
a 

 
b 

Figure 1: Wall structure made of highly porous polystyrene 

concrete (Option 1): a. Geometric parameters of the wall 

structure; b. Finite element model containing 64,068 

hexagonal finite elements with 297,431 nodes, where the 

average element quality of the model is 0.9735. 

 
a 

 
b 

Figure 2: Wall structure made of solid ceramic brick 

(Option 2): a. Geometric parameters of the wall structure; 

b. Finite element model containing 72,500 hexagonal finite 

elements with 329,562 nodes, where the average element 

quality of the model is 0.9903.  

 

 
a 

 
b 

 

Figure 3. Wall structure made of hollow ceramic brick 

(Option 3): a. Geometric parameters of the wall structure; 

b. Finite element model containing 72,500 hexagonal finite 

elements with 329,562 nodes, where the average element 

quality of the model is 0.9903.  

Table 1: Thermal Performance Indicators of Construction 

Materials for Figure 1.  

№ Layer Description   Thermal Conductivity for 

Operation Zone A, λ 
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Table 2: Thermal Performance Indicators of Construction 

Materials for Figure 2. 

№ Layer Description   Thermal Conductivity for 

Operation Zone A, λ 

(W/(m·°C)) 
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 Solid ceramic brick, 

density 1800 kg/m³, 380 

mm   

 

 Extruded polystyrene 

foam, density 35 kg/m³, 

160 mm  
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Table 3: Thermal Performance Indicators of Construction 

Materials for Figure 3. 

№ Layer Description     Thermal Conductivity 

for Operation Zone A, λ 

(W/(m·°C))  
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 Hollow ceramic brick, 

density 1000 kg/m³, 

380 mm  
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 Extruded polystyrene 

foam, density 35 

kg/m³, 160 mm    
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2.2 Climatic and Internal Boundary 
Conditions of the Region  

The study region is based on the climatic parameters 

of Karaganda, Republic of Kazakhstan. The main 

climate parameters are presented in Table 4.  

Table 4: Climate Parameters of Karaganda.  

№ Indicators  Values  

1 Indoor humidity mode  Normal  

2 Humidity zone    Dry  

4 Operating condition of 

enclosing structures  

А 

3 Average temperature 

of the coldest 5-day 

period with 0.92 

reliability  

–28.9 C 

4 Average annual 

humidity  

65% 

5 Maximum of average 

wind speeds by 

compass points in 

January  

6.6 m/s 

6 Heating season 

duration  

207 days 

7 Indoor temperature in 

winter  
20C 

8 Indoor humidity  55% 

9 Required thermal 

resistance  

3.2 W/m2·°С 

 

2.3 Methodology for Evaluating the 
Thermal Protection of a Residential 
Building with Considered Wall 
Structures  

The residential building subject to modernization is 

located in Karaganda, Republic of Kazakhstan, and 

its geometric parameters are presented in Table 5.   

Table 5: Building Geometric Characteristics. 

Indicator  Standard 
Value  

Actual 
Value  

Total floor area (A), m2 - 210.0 

Design area (public buildings) (A1), m
2 - - 

Heated volume (V), m3 - 570 

Façade glazing ratio (f) ≤0.18 0.10 

Building compactness index (K1) 0.9 0.94 

Total area of external enclosing 
structures, including (A0), m

2: 
- 

536.8 

1) Walls (by type of construction), A2 - 264.0 

2) Windows and balcony doors, A3 - 28.8 

3) Entrance doors and gates (separately), 

A4 

- 
4 

4) Attic floors, A5 - 120.0 

5) Floors above technical subfloors or 

unheated basements, A6 

- 
120.0 

 

In Table 6, the methodology for assessing 

building thermal protection is presented. 

 

Table 6: Methodology for Calculating Building Thermal Protection. 

Determination of Heat Demand 

Days (HDD)  

 

𝐻𝐷𝐷 = (𝑡2 − 𝑡3)𝑧1 
 

t2- Indoor air temperature, °C; t3- Average outdoor 
temperature during the thermal heating phase, °C;  

z1- Duration of the thermal heating phase, days/year. 

Thermal values of materials, 

geometric and climatic values 

The indicated values for analysis are 

presented in Tables 1-5. 
  

 

Thermal performance indicators. 

Determination of the indicator of 
the reduced thermal resistance of 

walls. 

Thermal resistance of walls was 

determined in accordance with [24, 35, 
45] using the ANSYS software.  

 

Auxiliary indicators. Overall heat 

transfer coefficient of the building.  

𝐾1 =
𝐿

𝐴1
𝑠𝑢𝑚∑ (𝑛𝑡,𝑖

𝐴𝑓,𝑗

𝑅𝑜,𝑗
1 )

𝑖
 

 

𝐿- Amount of supply air entering the building through 
unorganized inflow or regulated value for mechanical 

airing, m³/h; 𝐴1
𝑠𝑢𝑚- Sum of areas (by internal 

measurement of all external enclosing structures of the 

heated building shell), m²; 𝑛𝑡,𝑖 - Coefficient accounting 

for the difference between the internal or external 
temperature at the structure and those adopted in the 

HDD calculation; 𝐴𝑓,𝑗 - Area of the corresponding 

fragment of the building’s thermal protection shell, m²; 

𝑅𝑜,𝑗
1 - Reduced thermal resistance of the i-th fragment 

of the building’s thermal protection shell, m²·°C/W.  
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Specific characteristics. Specific 
thermal protection characteristic 

of the building.  

 

𝑘1 =
𝐿

𝑉
∑ (𝑛𝑡,𝑖

𝐴𝑓,𝑖

𝑅𝑜,𝑖
1 )

𝑖
= 𝑘1 ∙ 𝑘2 

 

V – Heated volume, m3; 𝑘1- Specific thermal 
protection characteristic of the building, W/(m³·°C); 

𝑘2- Specific characteristic of household heat 
emissions, W/(m³·°C). 

Coefficients  The standard values are presented in 
Table 9.  

 

Comprehensive indicators  
𝑞1
𝜌
= 𝑘1 + 𝑘𝑎 − 𝛽1(𝑘2 + 𝑘𝑟𝑎𝑑) 

 

𝑘𝑎- Specific airing characteristic of the building, 

W/(m³·°C); 𝛽1- Air volume reduction factor in the 
building, accounting for the presence of internal 

enclosing structures; 𝐾𝑟𝑎𝑑- Specific characteristic of 
heat gains from solar radiation, W/(m³·°C).  

Energy Loads of the Building  

 

𝑞 = 0.24 ∙ 𝐻𝐷𝐷 ∙ 𝑞1
𝑝
∙ ℎ 

 

𝑄1
𝑦
= 0.024 ∙ 𝐻𝐷𝐷 ∙ 𝑉1𝑞1

р
 

 

𝑄2
𝑦
= 0.024 ∙ 𝐻𝐷𝐷 ∙ 𝑉1(𝑘1 + 𝑘𝑎) 

 

 

3 RESULTS AND DISCUSSIONS 

3.1 Finite Element Analysis of 
Temperature Fields in ANSYS  

Figures 4-6 present the simulation results of 

temperature fields in exterior wall structures using 

ANSYS, in accordance with the methodology 

described in Section 2.  

 
a 

 
b 

Figure 4: Temperature field in the wall enclosure according 

to Figure 1: a. Temperature field model in ANSYS; b. 

Temperature distribution diagram of the enclosure across 

layers.  
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a 

 

b 

Figure 5: Temperature field in the wall enclosure according 

to Figure 2: a. Temperature field model in ANSYS; b. 

Temperature distribution diagram of the enclosure across 

layers.  

 

a 

 

b 

Figure 6: Temperature field in the wall enclosure according 

to Figure 3: a. Temperature field model in ANSYS; b. 

Temperature distribution diagram of the enclosure across 

layers. 

The result of the thermal resistance analysis of the 

studied exterior wall structures, conducted in 

accordance with the calculation method described in 

Section 2, is presented in Figure 7.  

 

 

Figure 7: Thermal Resistance Values of the Considered 

Wall Structures 

The analysis of temperature field values and 

thermal resistance of exterior wall structures 

demonstrates that all constructions meet the required 

thermal resistance value of 3.2 W/m²·°C. However, 

the newly proposed energy-efficient wall structure 

made of highly porous polystyrene concrete (Figure 

1) significantly outperforms traditional structures 
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made of solid ceramic brick (Figure 2) and hollow 

ceramic brick (Figure 3), showing an efficiency 

improvement of 8.8% and 5.6%, respectively.  

3.2 Analysis of Building Thermal 
Protection Considering the Studied 
Exterior Wall Structures  

An assessment of the studied facade structures was 

carried out based on the calculation methodology 

presented in Section 2. Table 7 presents the obtained 

and accepted values of the thermal resistance 

indicator for exterior wall enclosures, depending on 

the structure type.  

Table 7: Values of the Reduced Thermal Resistance of 

Exterior Enclosures Depending on the Type of Enclosure.  

T

y
p

e

 
Exterior 

Enclosure  
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Value
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.
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.

 

.
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Figure 8 presents auxiliary values in the form of 

the overall heat transfer coefficient of the building, 

calculated in accordance with the methodology 

presented in Section 2.   

 

 

Figure 8: Value of the Overall Heat Transfer Coefficient of 

the Building  

Table 8 presents the results of the analysis of the 

building’s specific characteristics, calculated 

according to the calculation methodology presented 

in Section 2.  

Table 8: Specific Characteristics of the Building. 

Indicator  Stan

dard 

Val
ue 

of 

the 
Indi

cato

r 

Calcula

ted 

Design 
Value 

of the 

Indicat
or 

(Figure 

1a)  

Calcul

ated 

Desig
n 

Value 

of the 
Indica

tor 

(Figur

e 1b) 

Calcul

ated 

Desig
n 

Value 

of the 
Indica

tor 

(Figur

e 1c) 

Note 

Specific 

thermal 
protection 

characteristi

c of the 
building, 

ktotal,  

W/(m3·оС) 

.

 

 .

 

.

 

Accept
ed 

accordi

ng to 
Section 

2.3 

Specific 

airing 

characteristi
c of the 

building, 

kairing, 
W/(m3·оС) 

    

Accept

ed 

conditi
onally 

Specific 

characteristi

c of 

household 

heat 

emissions, 
khousehold, 

W/(m3·оС) 

    

Accept

ed 

conditi

onally 

Specific 
characteristi

c of heat 

gains from 
solar 

radiation, 

    

Accept
ed 

conditi

onally 

0,25

0,26

0,26

0,245 0,25 0,255 0,26 0,265

Option 1

Option 2

Option 3

Overall Heat Transfer Coefficient, 

W/m2·°C
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kradiation, 
W/(m3·оС) 

 
Table 9 presents the necessary adopted 

coefficients for determining the comprehensive 

energy efficiency indicators and the building’s energy 

loads.  

Table 9: Coefficient Values for Determining 

Comprehensive Energy Efficiency Indicators and Building 

Energy Loads.   

Indicator  Standard 

Value of 
the 

Indicator 

Heating system self-regulation efficiency 
coefficient, ζ 

.

 
Coefficient accounting for the reduction in heat 

consumption of residential buildings with 

individual heat metering for heating, ξ 

.

 

Recuperator efficiency coefficient, keff  

Coefficient accounting for the reduction in the 

use of heat gains during periods of excess over 

heat losses, ν 

.

 

Coefficient accounting for additional heat losses 

from the heating system, βh 
.
 

 

Figure 9 presents the results of calculating the 

comprehensive energy efficiency indicator of the 

building in the form of the specific characteristic of 

heat energy consumption for heating and airing 

during the thermal heating phase for different exterior 

wall enclosures.  

 

Figure 9: Values of the Comprehensive Energy Efficiency 

Indicators of the Building. 

Figure 10 presents the results of the energy load 

calculations, including the specific heat energy 

consumption and the heat energy consumption for 

heating and airing during the thermal heating phase, 

as well as the building’s total heat losses during the 

thermal heating phase, broken down by types of 

external enclosures. 

 

 

Figure 10: Energy Load Values of the Building.
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The analysis established that the effectiveness of 

the proposed new design was also demonstrated by 

the results of the study on the building’s thermal 

protection, where the specific characteristics and 

energy loads of the building showed a 2.5% 

efficiency advantage compared to the other examined 

structures.  

 

4 CONCLUSIONS  

The study of the thermophysical parameters of the 

proposed new energy-efficient three-layer panel 

made of highly porous polystyrene concrete, 

compared to traditional solid and hollow brick 

structures using the ANSYS software package, 

established that the thermal resistance of the proposed 

new design is significantly higher than that of existing 

structures, with an efficiency increase of 8.8% and 

5.6%, respectively. Similar results confirming the 

effectiveness of the proposed new design were 

demonstrated by the building’s thermal protection 

analysis, where specific characteristics and energy 

loads of the building showed a 2.5% efficiency 

advantage compared to other examined structures. 

Additionally, the cost savings in construction using 

the proposed new design, compared to traditional 

structures, reached up to 15%. The findings of this 

study demonstrate that the use of a three-layer panel 

made of highly porous polystyrene concrete for 

exterior wall enclosures significantly improves the 

thermal performance of buildings. It was established 

that the application of such wall structures can lead to 

a significant increase in the overall energy efficiency 

rating of the building.  
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