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ABSTRACT
The building’s main function is to provide thermal comfort to users. However, it
started to be harder to maintain high thermal comfort without using the mechanical
equipment, which consumes large amount of energy. The earth-sheltered buildings
started to be spread all-over the world to solve this contrariness, by reaching high
thermal comfort with minimal use of energy consumption. The most energy saving
potential benefit of the earth sheltering is to gain low fluctuation and steady state of
the internal temperature. Besides, flattening the peak temperatures of daytime and
nighttime. That is the most desired benefit especially at the hot-arid climates, where
fluctuations are very high. However, little number of deep researches and applications
were found about earth sheltering in hot-arid climates. This research chose Egypt as a
case study to measure the basements’ thermal performance using real measurements
of three different structure types, and simulation programs to analyze thermal comfort.
It found that basements are more stable than conventional buildings, and can provide
thermal comfort with low temperatures fluctuations, if high humidity could be
controlled with innovative designs. Finally, the research presents general guidelines
for application, as an approach for the complete stand-alone earth-sheltered buildings’
simulation and application at Egypt.
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INTRODUCTION
The Earth-Sheltered construction system is not a new style nor extinct. Traditionally,
it had been used effectively all over the world to provide high thermal comfort. Living
within earth shelters began with the utilization of caves, and over time new
technologies led to customized construction of earth dwellings (B. Hoyle 2011).
The Earth-Sheltered usage for housing purposes had been considered the most
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common especially in harsh climates and relatively among the poor class of people in
order to save the land surface for other purposes, or more protection from the harsh
climate and the security reasons. Most of the ancient underground structures are
located in hot countries; China, Turkey, Iran, North Africa (Tunisia) and many others
(A. Al-Temeemi 2004). There are homes and hotels were re-occupied by original
people of Tunisia nowadays (Anon.). Which means that earth was used for cooling
rather than heating. Considering that, if half of the continents are situated in hot
climate. Thus, the use of earth as the buildings’ cooling component is of major
significance, particularly considering that 15% of the population inhabits desert areas
(M. Staniec 2011). The use of earth as a large capacity heat storage makes it possible
not only to reduce buildings’ heating and cooling energy demand, but also helps to
preserve local microclimate. Therefore, earth-sheltered buildings are characterized by
low heating and air-conditioning energy demand and little disturb natural environment
Earth shelters can be defined as: “structures built with the use of earth mass against
building walls as external thermal mass, which reduces heat loss and maintains a
steady indoor air temperature throughout the seasons” (Akubue 2012).
Ojima conducted many researches on workers at Japanese libraries, he gained very
good results of satisfaction about the working environment they were working at
(Golany G. & Toshio Ojima 1996). Therefore, the researcher believe that the negative
attitude towards earth-sheltered homes will disappear with evidence of successful
designs -historical and recent- found in several parts of the world (H. Hassan 2013).
One of the most significant earth sheltered buildings in modern times is the Aloni
House. It was built in Antiparos Island in Greece and won the Greek Piranesi Award
in 2009 (Akubue 2012). The overall shape of this long rectangular structure responds
to green needs (controlled natural light, heat and cooling crosswinds) as well as the
slopes of two adjacent hillsides. The house emerges only in the center, and it looks
like a half-buried contemporary underground home, as shown in Fig. 1.

Figure 1. Aloni House. (a) View from the hilltop (b) from the top of the house (c)
Opening leading to the courtyard (d) The central courtyard (e) Interior view of the
living room (f) Interior view from the kitchen. (Images by Julia Klimi), (Akubue 2012).
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ENERGY SAVINGS BENEFITS
Earth-sheltered houses are often constructed with energy conservation and savings in
mind. Owing to its very high thermal capacity, the temperature of the ground is lower
than that of the outdoor air in summer and higher in winter. Consequently, the heating
and cooling energy of a building considerably sunk into ground is lower than that of a
corresponding aboveground building (M. Staniec 2011). Not only the temperature
difference between the exterior and interior is reduced, but mostly because the
building is also protected from the direct solar radiation (Carpenter P. 1994). The
Earth's mass absorbs and retains heat. Over time, this heat is released to surrounding
areas, such as an earth shelter. Because of the high density of the earth, changing in
the earth’s temperature occurs slowly. This is known as ‘thermal lag.’ Because of this
principle, the earth provides constant temperature for the underground shelters, even
when the outdoor temperature has great fluctuation (B. Hoyle 2011). Moreover,
basements required much lower cooling loads to reach thermal comfort, because it is
not exposed to the outside environment, even at -1m. level. (Sahar N. Kharrufa 2008).
Other characteristics include the reduction of air infiltration within the dwelling,
because three walls of the structure are mainly surrounded by earth, very little surface
area is exposed to the outside air (Akubue 2012). This alleviates the problem of warm
air escaping the house through gaps around windows and door. Furthermore, the earth
walls protect against cold winter winds, which might otherwise penetrate these gaps.
However, this can also become a potential indoor air quality problem. Healthy air
circulation is key (B. Hoyle 2011). Since majority of modern earth-shelters are built
with concrete, which can absorb the excess energy from the soil. This absorbed heat is
naturally released back into the building whenever the indoor air temperature is below
the thermal mass, as shown in Fig. 2, typical relationship between the annual air
temperatures and corresponding temperature fluctuation below ground surface
(Khair-El-Din A. M. 1991). Sherief A. Sheta, concluded the energy saving benefits
reasons of earth sheltering in four main points: 1) Reduction of conduction, due to
earth mass. 2) Flattening peak conditioning loads. 3) Controlling air infiltration. 4)
Cooling through evaporation, due to greening the roof. (2010).

Figure 2. Annual temperature fluctuations in Riyadh from below zero to 48 ◦C and
expected temperature fluctuations at 3.0m below ground level between 14◦C and 24◦C
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RESEARCH METHODS
The research methodology could be divided into two parts: Analytical part; to analyze
the earth-sheltered different types. Then, the statistical part; the research chose one
type (The complete underground), applied the Psychrometric chart analysis, and used
simulation programs to predict temperatures underground at different depths. The real
measurements was taken for a basement at Egypt as an underground earth sheltered
building at hot-arid climate, and two other common building structure types.
RESULTS
There are many classifications of underground architecture depending on different
typologies (use or purpose, construction system, relation to the surface, openings
relation to the surface). The major construction concepts are the bermed or banked
with earth, the envelope, or the true underground type (Akubue 2012). The research
tried to combine different classification major types, as shown in table 1.
Table 1. Classification of the Earth-Sheltered building type.
On the Hill Side

Bermed

Underground or
Earth-Covered

 Relation to Surface
 Kind of Openings

Chamber

Appears Sub-surface one
side, and Bermed the other
side

Atrium

Elevational

Penetration

Studying the classification, basements could be considered as the underground type of
the Earth-Sheltered buildings. Accordingly, the research started by measuring its’
thermal performance, to predict the other types thermal performances with simulation
programs in future researches. The research is focusing the scope on Egypt climate
zone as one of the hot arid climates. The dilemma was to choose the suitable city for
the best earth-sheltered buildings’ application. After numerous weather data analysis
using the (Climate Consultant 5.4), as shown in Fig. 3, the researcher found that
Minia city has the highest temperature differences between day and night, and is one
of the cities that has the highest temperature differences between winter and summer.
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Fig. 3 (a) Comparison between Minia and Cairo cities of the Dry Bulb Temp. Avg.
Monthly. Minia has high differences between summer and winter. (b) Daily Dry Bulb
Temp., showing the hottest and coldest day.
Analyzing the thermal comfort with the Psychrometric chart using the Ecotect
weather tool, the research finds that it is recommended for the design to has an
exposed mass plus night purge ventilation, as shown in Fig. 4. This will expand the
comfort area to cover most of the measured temperatures. Therefore, it is expected
that using the earth sheltering, will cover more comfort range at the chart. Going a
step further with testing the ground temperatures at different depths (0.5, 2.0, 4.0 m.)
-if earth-sheltered concept is used- we can gain much higher thermal comfort and
stable conditions, as shown in Fig. 5. Especially, if the surface ground is covered with
freshly mown grass, making use of the evaporative cooling, due to greening the roof.

Fig. 4 Psychrometric Analysis for Minia City, showing hourly weather data and the
small comfort area, and extreme high and low temperatures. The exposed mass +
night purge ventilation will expand the comfort area to a wider range. Other actions
have lower effects on covering the discomfort range.
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Fig. 5 Predicting Temperatures under the ground surface, at depths of 0.5, 2.0, 4.0 m.
The stable thermal comfort conditions is high with more depths under a ground cover.
The research conducted measurements processes during winter days with three
different building structures: 1- Conventional reinforced concrete (upper floor and
intermediate floor), 2- Bearing walls 50cm. thick (intermediate floor), 3- Basements
(occupied and non-occupied), as shown in Fig. 6. It is clear that highest stable
thermal conditions gained with basements, and the lowest was with the conventional
buildings, especially the upper floor according to high solar radiation absorption.

Fig. 6 Measurements comparison between different building structures, showing the
stable thermal conditions with basements, compared with the conventional buildings.
Innovative designs of earth shelters allow for maximum savings. The research
recommends some design guidelines for architects, as shown in table 2:
 For site selection, it is preferable to build on slopes rather than flat sites. It
allows the building to have a conventional façade.
 For Bermed or in-hill construction, a better position is to place all the living
spaces on the side of the house facing the equator. This provides maximum
solar radiation to bedrooms, or living rooms. Rooms that do not require natural
daylight and extensive heating such as the bathroom, storage and utility rooms
are typically located on the opposite (or in hill) side of the shelter.
 It is preferred to access the building upstairs not downstairs; this will make
people feel like conventional buildings (H. Hassan 2012).
 It is preferred to have direct eye contact with outer environment; closed view
raise confinement feeling, and causes high humidity levels and poor air quality
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Natural ventilation is very important, especially at hot-humid climate.
Otherwise, using the negative ventilation by suction effect. Counting on one
façade is not good for ventilation.
Table 2. Adaptation Design Guidelines for Architects.
Preferred Position

Non-Preferred position

On the Hill Side

Flat Site

Towards North, Preferred at Hot-arid climates

Towards South, Preferred at cold climates

Upstairs

Downstairs

Direct Eye Contact with Low Land

Closed View

Good Cross Ventilation

Poor Cross Ventilation

Site Selection

Orientation

Accessibility

Eye Contact

Natural
Ventilation

DISCUSSION
When earth sheltering is mentioned most people think that it is under zero level.
However, by studying the classification types, the research found that it could be only
one type of earth-sheltered construction; like basements; which had been discussed in
this research. By measuring basements thermal performance, it proved high thermal
comfort than conventional ones. That could be considered as an indicator to other
earth sheltered building types to give similar thermal performance. On the other hand,
basements are usually poor in daylight and cross ventilation. Accordingly, this is not a
call through this research to live in basements; it is only a proof of good thermal
comfort for the earth sheltering system. Furthermore, when studying other recent
stand-alone earth sheltered buildings like Aloni house; one can find that it has a
complete normal façade, which imitates conventional buildings, and had good natural
daylight and ventilation. The research may be not very accurate because of measuring
only winter season. However, it is expected to prove good thermal performance with
summer readings also. The researcher believes that most of people avoid living or
building earth sheltered house, only because of its name, and because of the
background image in minds about poor ventilation and lightening in basements, but
this psychological bias had been discussed in previous research (H. Hassan 2013).
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CONCLUSION AND IMPLICATIONS
The research conducted a study of the earth-sheltering building type through historical
and recent cases. It had studied the state-of the-art energy saving potential benefits of
earth sheltering system. Then, analyzed the thermal comfort for Minia city, Egypt, as
an example of hot-arid climates. The expected ground temperatures at more depths
was more stable. That was also proved by comparing measurements of three structure
types, where basements gained the highest stable conditions. Finally, the research
recommended some of the guidelines for the best application at hot climates.
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