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Abstract

According to global primary energy consumption statistics, buildings significantly contribute to energy
consumption, with an observed annual increase in this regard. As a consequence, buildings are responsible
for greenhouse gas emissions and climate change. Therefore, it is essential to mitigate adverse environmental
effects by reducing energy consumption. Heat transfer through the walls of buildings plays a crucial role in
this context, and thermal performance significantly affects both energy consumption and the thermal comfort
of indoor spaces. Since heat transfer through the walls is closely related to variations in indoor temperature,
outdoor temperature, and the materials used in construction, it directly influences both cooling and heating
loads. This study aims to achieve optimal performance by identifying the thermal behavior of materials to reduce
energy consumption via external walls. Consequently, an understanding of the performance of materials in
exterior walls is essential to measure their physical behavior in response to changes in outdoor temperature. To
reduce energy consumption, two parameters—decrement factor and time lag—can create significant thermal
inertia. However, there are many non-steady-state thermal indices, such as thermal transmittance, volumetric
specific heat, and surface factor, and the impact of each on building energy consumption has been investigated
through calculations. The non-steady-state thermal indices of walls depend on two important factors: material
type and wall thickness. The study results indicate that wall thickness has a greater effect than the type of
material used in the wall. The material type can lead to significant differences in the numerical values of
indices such as volumetric specific heat, thermal admittance, thermal transmittance, time lag, and time lead.
Increasing wall thickness reduces thermal indices such as thermal transmittance, decrement factor, and time
lag (surface factor) while increasing the time lag (decrement factor). Thermal admittance, surface factor, and
time lead show no significant relationship with wall thickness. Additionally, by designing a residential unit in
the hot-dry climate of Birjand (Iran), the effects of each non-steady-state thermal index on energy consumption
were simulated. The results indicated that indices such as thermal transmittance, thermal admittance, and
volumetric specific heat have direct effects on cooling and heating energy consumption; an increase in these
three parameters leads to higher cooling and heating energy consumption in buildings. Conversely, indices
such as surface factor, time lag, and time lead negatively affect cooling and heating energy consumption,
with their increase resulting in reduced annual energy consumption. However, the decrement factor and
time lag have no significant effect on building energy consumption, with their correlations being weak and
negligible. The annual energy consumption of buildings in this climate can be reduced by using materials
with good thermal insulation properties. The simulation results indicate that the lowest annual heating and
cooling energy consumption is associated with buildings constructed from AAC blocks, 3D concrete panels,
and Perlite blocks. In contrast, the highest energy consumption occurs when using precast concrete, Liper
blocks, or various types of clay bricks in the external walls.

Keywords: Architectural design, non-steady state thermal conditions, thermal indices of walls, thermal
conductivity, building energy consumption
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1. Decrement Factor

2.Time Lag (decrement factor)
3.Thermal Conductivity

4. Specific heat capacity

5. Conduction

6. Convection

7. Radiation

8. Steady State Condition
9.Non Steady State Condition
10. Thermal Transmittance

11. Surface Factor



12 .Volumetric Specific Heat
13.Time Lag (surface factor)

14. Thermal Admittance

15. Time Lead

16. Design Builder (version 6.1.0.006)
17. Visual Basic (version 6)

18. Autoclaved Aerated Concrete
19. Cellular Lightweight Concrete
20. Light Expanded Clay Aggregate
21. Wall Crete

22. Wall speed
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