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Reducing Energy Consumption Summary

Thermal Comfort In this study, with the aim of investigating the thermal performance of an
Sustainable Development eartshelterd building, the amount of energy consumption in an earthshelterd

Earthshelterd Building
Soil Temperature
Thermal Simulation

construction model at different depths of the soil was compared with a
building located on the ground surface. To this end, first, modelling was
carried out with Sketchup software, then, soil temperature in the city of
Shiraz at different depths was extracted utilizing the relevant formula and
weather information obtained from Meteonerm software to enter in EnergyPlus software for performing thermal
simulation. Consequently, considering the parameters considered for the city of Shiraz, the annual energy consumption
saving measured, respectively for cooling and heating loads for a building located at a depth of 6 meters as optimal
depth that was about 50 % and 20 % more than the non-earthshelterd building located on the ground surface.
Therefore, replacing underground spaces instead of an on-the-ground building is a solution that is suggested for
reducing annual energy consumption in buildings. Hence, in this research, the cooling and heating energy
consumption as one of the most popular species of the green construction method in Shiraz with a hot-arid climate and
prone to the development of earthsheltering architecture is investigated.

Introduction
Welcomed by many builders for numerous benefits, the earthsheltered spaces offer new opportunities for the designers.

With general viewpoints of low energy consumption, this type of architecture has a good potential to take places in the
direction of green architecture. The current research is to give the answer to the question of how much the use of
earthsheltering pattern in Shiraz could be effective in reducing the heating and cooling loads of the building compared
to its similar counterpart on the ground. The study also takes into account the amount of savings in heating and
cooling loads as dependent variables, as well as independent variables such as the building dimensions, typology,
climate, depth of penetration with respect to the ground surface, air infiltration into the building, transparency degree
of the building, and thermal properties of soil.

Methodology and Approaches
This study, which aims to investigate the thermal performance of the earthsheltered structures, scrutinizes the amount
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of heating and cooling energy consumption in a building model at different soil depths compared to a corresponding
one located on the ground. At the outset, by referring to the research literature to get a sufficient attitude to this type of
architecture and ensure the novelty of the subject matter, the general stages of the research began. Secondly, the
required climatic meteonorm information was collected via the scientific data of Meteonorm software to be used in
EnergyPlus software. At the third stage, the soil temperature at different depths in Shiraz was extracted by using the
concerned formulae as the input to EnergyPlus. In the next steps, the building prototype modeling was rendered in
Sketchup software version 2017. Lastly, the thermal simulation was examined through EnergyPlus software version
2011.

Results and Conclusions
The results obtained from the simulation of earthsheltered buildings in Shiraz in different depths of soil indicate that

the penetration gives rise to save on heating and cooling energy and that the research hypothesis has been successful
in the test. The diagram related to the heating energy at the depth of 6 m of soil shows a 25.8% rate of saving
compared to the on-the-ground model, and the graph pertaining to the cooling energy designates a 50% reduction
relative to the model on the ground. Thus, it is inferred that the earthshelter buildings enjoy a much higher precedence
in reducing cooling loads than heating loads. Studying the diagram concerning the total annual heating and cooling
loads reveals that the simulated models in the second to seventh cases enjoy energy savings, respectively, as 21.4%,
26%, 29%, 33.3%, 37%, and 40.4% compared to the non-sheltered situation. The highest saving corresponds to the
deployment of the model at the depth of 6 m.

This article is adapted from the Ph.D thesis of Ali Eghtedari titled “Determination of Pattern of Optimal Indentation
for Earth Sheltered Residential Buildings Inside Soil Depth to Save Energy by Using Genetic Algorithm in Hot Arid
Climate” is being researched in Department of Architecture, Shiraz Branch, Islamic Azad University, Shiraz, Iran
under supervisory of Dr. Tahereh Nasr and co-supervisory of Dr. Khosrow Movahed and Dr. Zahra Barzegar
Marvasti.



