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Figure 1. Sample of basic building (Source: Mirabi & Akrami Abarghuie, 2021)
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Figure 2. Conceptual model of research (Source: Authors)
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Figure 3. Annual cooling load of scenarios (Source: Authors)
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Table 3. Heating load in five scenarios has the lowest measure (Source: Authors)
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Table 4. Average total load for each slope angle from 8 directions (Source: Authors)
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Abstract

In hot and dry climates, the roof plays an important role in heat transfer, solar radiation reception, and ultimately energy
consumption. In semi-desert areas such as Qom, where solar radiation is intense and the temperature difference between day
and night is large. Buildings, as one of the most energy-intensive sectors globally, account for a significant share of energy
consumption; especially in hot and dry climates, cooling loads in summer and heating loads in winter nights place additional
pressure on energy resources. The roof, as a horizontal or inclined surface that is most exposed to solar radiation, can be an
essential source of heat energy absorption or dissipation. The orientation of the roof relative to the sun's path, the angle of
inclination, and the ratio of direct to diffuse radiation all affect the intensity of heat transfer from this surface. In this study, with
the aim of measuring the combined effect of roof direction and slope angle on building energy consumption, a sample room
with dimensions of eight by six meters and a height of 2.7 meters, along with two windows with a length of three meters and
a height of two meters, for a total area of 12 square meters, was considered as a basic reference based on the Asher Standard
Model No. 900. By combining eight geographical directions, including north, northeast, east, southeast, south, southwest, west,
and northwest, and five slope angles of 0, 15, 30, 45, and 60 degrees, 40 scenarios were modeled. The analyses were performed
using Design Builder software and EPW climatic data of Qom city. Cooling load, as the main contributor to energy consumption
in the hot and dry climate of Qom, showed the greatest sensitivity to direct solar radiation and heat absorption from the roof
surface. Simulation results indicated that the western, southwestern, and, to some extent, southern directions, in the case of flat
or low-slope roofs, produced the greatest cooling load. Unlike cooling, the heating load increased in scenarios where the roof
received the least radiation in winter. For example, the north orientation with a 0-degree slope (flat roof) showed an annual
heating load of 6650 kWh. While in the southeast orientation with a 30-degree slope, this value reached 3920 kWh. The total
annual energy load (Total HVAC Load) was derived from the sum of the cooling and heating loads. This indicator was the main
criterion for the final comparison of the scenarios. The results obtained are fully consistent with the climatic characteristics
of the city of Qom. Qom has long, hot, and sunny summers and short, dry winters with low average temperatures at night.
The results showed that the southeast roof orientation with a 30-degree slope had the best energy performance. This scenario
achieved a cooling load of 9,780 kWh, a heating load of 3,920 kWh, and a total load of 13,820 kWh per year. This significant
saving demonstrates the importance of accurately determining the direction and angle of the roof in the climatic design of
buildings in hot and dry regions.
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