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Abstract. The pursuit of sustainable development in Uzbekistan 
necessitates advancements in energy efficiency across all sectors, 
particularly in construction. Given the country’s increasing energy demand 
and heavy reliance on fossil fuels, implementing energy-efficient materials 
in buildings is both an economic and environmental imperative. This paper 
evaluates the application of such materials in Uzbekistan's construction 

sector and develops a mathematical model to assess energy savings. The 
study aims to bridge the gap between theoretical energy efficiency potential 
and real-world implementation, offering practical recommendations based 
on quantitative and qualitative assessments. 

1. Introduction 

The Republic of Uzbekistan faces significant challenges in energy sustainability due to its 
heavy reliance on fossil fuels, which account for a substantial portion of its energy supply 

[1][2][3]. This dependence not only raises concerns about long-term energy security but also 
contributes to environmental degradation. However, the country possesses considerable 

potential for renewable energy development, including solar, wind, and geothermal 
resources, which could play a pivotal role in diversifying its energy mix [2][3][4][5][6][7]. 
To enhance energy efficiency, the adoption of advanced building materials and modern 

construction technologies—such as high-performance insulation and Building Information 
Modelling (BIM)—has been identified as a key strategy for reducing energy consumption in 

residential and commercial structures [8][9][10]. In recent years, the Uzbek government has 
implemented policies to promote renewable energy adoption and improve energy efficiency, 

including incentives for solar power projects and international collaborations to facilitate 
technological advancements [7][13]. Additionally, research into sustainable construction 
materials, such as expanded styrene-butadiene rubber (SBR) composites with micronized 

leather waste, demonstrates the potential for locally sourced, energy-efficient insulation 
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solutions [11][12]. By integrating these innovations with strategic policy measures, 
Uzbekistan can transition toward a more sustainable and energy-efficient future, reducing its 

carbon footprint while ensuring long-term energy security [13-16]. This paper examines the 
current energy landscape, explores promising energy-efficient materials, and evaluates policy 

frameworks that could accelerate Uzbekistan’s progress in sustainable energy utilization. 

2. Data and Methodology 

This study uses a hybrid approach that combines empirical field data, simulation modeling, 
and mathematical analysis to evaluate the energy-saving potential of various building 

materials in the context of Uzbekistan’s climate and construction practices. The methodology 
is designed to provide both qualitative insights and quantitative estimates of energy 
performance improvements associated with energy-efficient materials. 

Data Sources 

Data for the study were collected from multiple sources to ensure robustness and applicability 
to real-world conditions. Primary data were obtained from field assessments conducted in 

Tashkent, Namangan, Bukhara, and Karshi regions, representing different climatic zones of 
Uzbekistan. This was complemented by secondary data from reports published by the 
Ministry of Construction of Uzbekistan, building energy audits, and pilot projects co-funded 

by the UNDP and the World Bank. These included information on existing building stock, 
thermal characteristics of construction materials, and seasonal energy usage patterns. Climate 

Classification and Degree Days. Uzbekistan’s territory spans across diverse climate zones, 
ranging from hot arid to cold semi-arid and continental climates. For simulation purposes, 
the country was divided into four representative zones based on the Köppen–Geiger 

classification: 
Zone I: Hot desert climate (Termez, Nukus) 

Zone II: Temperate continental (Tashkent, Samarkand) 
Zone III: Cold steppe (Namangan, Andijan) 
Zone IV: Mountainous zones (Tashkent outskirts) 

Heating and cooling degree days (HDD and CDD) were calculated for each region using the 
base temperatures of 18°C for heating and 24°C for cooling, which are widely accepted 

benchmarks for building energy modeling. These parameters allow for consistent energy 
consumption comparisons across different material choices and building configurations. 

Heat Transfer Model (HTM) 

To analyze the thermal performance of wall assemblies, we applied a multi-layer Heat 

Transfer Model (HTM). This model simulates steady-state conductive heat transfer through 
building envelope components using the following general equation: 

� =
�⋅��

������
      (1) 

Where: � - Heat transfer rate (�), � - Surface area of the wall or roof (�²), �� - Temperature 

difference across the structure (�), ������ - Total thermal resistance of the multilayer 

assembly (�² · �/�). 
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The total thermal resistance is computed as the sum of the resistances of individual material 
layers: 

������ = ∑ �
��

��
��

���      (2) 

Where: �� - Thickness of the i-th layer (�), �� - Thermal conductivity of the i-th layer (�/� ·

�). 
The simulation accounts for common combinations of materials used in Uzbekistan, 

including traditional fired clay bricks, autoclaved aerated concrete (AAC), mineral wool 
insulation, expanded polystyrene (EPS), and reflective insulation coatings. Thermo-physical 

properties were sourced from manufacturer datasheets and verified using laboratory testing 
data from Tashkent State Technical University. 

Annual Energy Savings Estimation 

To assess the long-term energy savings potential, the model is extended to include the 

seasonal operation of heating and cooling systems. This is done by integrating the heat 
transfer rate over time, adjusted for regional HDD and CDD values: 

�������� = ∑������� − ����� ⋅ ��� + ������,���� − ����,����� ⋅ ���� ⋅ �  (3) 

Where: �����, �����,����  - Heat transfer rate using conventional materials, ����, ����,���� - 

Heat transfer rate using energy-efficient materials, � - Total operational hours in the 
respective season. 
This equation allows estimation of annual savings in kilowatt-hours (kWh) for different 

building typologies (e.g., single-family homes, apartment blocks, public buildings). The 
calculated values serve as the basis for evaluating payback periods and economic feasibility 

of material upgrades. 

Model Validation 

To validate the HTM simulation results, we compared model outputs with measured energy 
consumption data from retrofitted and non-retrofitted public schools and residential buildings 

in Tashkent and Andijan. The deviation between simulated and actual performance was found 
to be within ±10%, confirming the reliability of the model for decision-making and policy 

recommendations. 

3. Results and Discussion 

Material-Specific Energy Savings 

The simulation results demonstrate that retrofitting buildings with energy-efficient materials 
in Uzbekistan can yield 25–45% energy savings, with performance varying by climate zone 

and material composition.  
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Fig 1. Thermal Transmittance 

 

Fig 2. Total Annual Energy Consumption 

 

Fig 3. Material cost 

 

Fig 4. Embodied Carbon 

Figure 1 confirms the advantages of multilayer structures: the combination of AAC (0.14 
W/m·K) with insulation reduces the U-value to 0.18 W/m2K versus 2.8 W/m2K for traditional 

bricks. Compares the heat transfer coefficients of various enclosing structures. As can be 
seen, combined solutions with AAC and insulating materials demonstrate 3-5 times better 
performance compared to traditional brickwork, which confirms the effectiveness of the 

proposed solutions. As can be seen in Fig. 2, in mountainous areas (Zone IV), PCM materials 
reduce the heating load by 38%, while in desert areas (Zone I) reflective coatings provide 

22% savings on cooling. 
 

 
Fig 5. Energy Consumption in Hot Desert 
(Termez) 

 
Fig 6. Energy Consumption in Temperate 
(Tashkent) 
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Fig 7. Energy Consumption in Cold Steppe 
(Namangan) 

 
Fig 8. Energy Consumption in Mountainous 

 

The simulation results (Figures 2-5) demonstrate significant variability in energy 
consumption depending on the climatic zone. In mountainous areas (Zone IV), energy-

efficient materials provide up to 45% savings on heating, while in hot desert regions (Zone 
I) they mainly reduce the load on cooling systems. 

Material Payback period (years) 
AAC+EPS 4.2 
SBR composite 5.8 

Despite the higher initial costs (Figure 6), composite materials demonstrate an optimal 
price/quality ratio, taking into account the life cycle. As shown in Figure 7, solutions with 

SBR composites also reduce the carbon footprint by 20-30%.  
A key finding is the superior thermal performance of autoclaved aerated concrete (AAC) 
blocks compared to traditional fired clay bricks. In Tashkent’s temperate continental climate, 

AAC reduces heating loads by 30%, while in colder regions like Namangan, savings reach 
40% due to the material’s low thermal conductivity (0.11–0.16 W/m·K). This aligns with 

global studies (Jelle, 2011) confirming AAC’s efficacy in reducing heat loss in cold climates. 
In southern Uzbekistan’s hot desert zones (Termez, Bukhara), reflective roof coatings 
significantly mitigate cooling demands. The model predicts 15–20% reductions in cooling 

loads, consistent with findings from Lawrence Berkeley National Laboratory (Levinson & 
Akbari, 2010) on cool roofs in arid regions. These coatings, with solar reflectance values 

exceeding 0.8, minimize heat absorption, lowering indoor temperatures and reducing air 
conditioning use. Phase-change materials (PCMs) embedded in wallboards further enhance 
efficiency, particularly in regions with diurnal temperature swings (e.g., Tashkent’s outskirts). 

PCMs stabilize indoor temperatures by absorbing excess heat during the day and releasing it 
at night, reducing HVAC runtime by 12–18%. This is critical for Uzbekistan’s continental 

climates, where daily fluctuations exceed 15°C. 

Regional Performance Variability 

The study highlights stark regional disparities in material efficacy: Heating-dominated zones 
(Namangan, Andijan): AAC and expanded polystyrene (EPS) insulation yield the highest 

savings (35–45%). Cooling-dominated zones (Termez, Nukus): Reflective coatings and 
PCMs are most effective, reducing peak cooling demand by 20%. Mixed climates (Tashkent, 

Samarkand): Hybrid solutions (AAC + PCMs) optimize year-round performance. 
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4. Conclusions and Recommendations 

Energy-efficient materials offer a substantial opportunity to reduce Uzbekistan’s energy 
demand in the residential and public building sectors. Mathematical modeling confirms their 

effectiveness across diverse climatic regions. To maximize these benefits, the following 
recommendations are proposed: Strengthen national building codes to enforce higher thermal 

performance standards. Offer financial incentives for the use of energy-efficient materials. 
Invest in domestic production to reduce costs and supply chain dependency. Conduct training 
programs for architects, engineers, and builders. Integrate energy efficiency considerations 

into urban planning frameworks. 
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