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OPTIMIZATION OF THE FREE FACADE OF THE
EARTH-SHELTERED HOUSES IN ORDER TO MINIMIZE THE FINAL
ENERGY CONSUMPTION DURING THE HEATING SEASON

Aleksandar NeSovi¢', Vanja Sustersic?, Nebojsa Lukic?, Novak Nikoli¢?,
Ivana Terzié®

Summary: The use of earth-sheltered houses in the building industry on the territory of
Serbia is very modest, even though such facilities have excellent energy performance
and a positive impact on the environment. Earth-sheltered houses could also be a good
solution to the problem of building density in urban environments where the field
configuration allows their application. In this paper, using the Energy Plus software, an
earth-sheltered house in the territory of Kragujevac was analyzed from the aspect of final
energy consumption for its heating during the heating season, whereby a geothermal
heat pump in combination with floor panels was used as the active heating system. At
the same time, in order to minimize the final energy consumption for heating, it was also
analyzed how the dimensions and layers of transparent elements (windows) affect the
production of electricity if the non-transparent surface of the free (southern) facade of
the earth-sheltered house were completely covered by PV panels.

The results showed that the final energy consumption for the heating of the given earth-
sheltered house can be reduced from 19.36 to 4.61 kWh/m?/a.

Key words: earth-sheltered house, geothermal heat pump, free facade, PV panels,
transparent elements, Energy Plus.

1. INTRODUCTION

Earth-sheltered houses can be defined as buildings that are covered by earth
from one or more sides. A more precise definition is that they are buildings with at least
50% of its thermal coating in direct contact with earth [1]. Typically, all earth-sheltered
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houses can be classified into the following two groups (Table 1).

Table 1 Types of earth-sheltered houses [2-4]

Tvpe Artificial (Terrain configuration | Natural (Natural terrain configuration
yp is adapted) with minimal adjustments)

Buried i :

Open

Elevational

Infiltrate o —

Today, earth-sheltered houses are used for several other reasons [2-3, 5-9]: the
need for thermal energy in winter and cooling energy is reduced, the greenhouse gas
emissions are reduced, they have a favorable impact on the construction density in
urban areas, thermal islands in urban areas are avoided, pollution of water and soil is
regulated, the noise level is reduced. It is known that the final energy consumption for
heating earth-sheltered houses during the heating season can be further reduced by
exposing the southern (northern hemisphere) or the northern (southern hemisphere)
facade to the outside. This effect can be further enhanced if the proportion of transparent
to non-transparent surfaces on said facades is increased.

However, if the non-transparent part of the facade were completely covered by
PV panels, an increase in the surface of transparent elements would reduce the area for
collecting solar energy, resulting in lower electricity production. Due to all of the above,
an estimate was carried out in this paper in order to determine the optimum ratio of
transparent to non-transparent surfaces on the free (southern) facade of an elevational
earth-sheltered house in a field with a natural decline, with the aim of reducing the final
energy consumption for heating during the heating season. The non-transparent surface
is taken to be completely covered with PV panels. The earth-sheltered house is located
on the territory of the city of Kragujevac, Serbia. The research was conducted in the
Energy Plus program. The effect of the window glazing on the mentioned effect is also
considered.

2. SUBJECT OF STUDY

2.1 LOCATION

The city of Kragujevac is located in Central Serbia, about a hundred kilometers
south of Belgrade (44°22' N and 20°56' E). It was built on the banks of the Lepenica
river, in the basin between the final branches of the Rudnik, Crni Vrh and Gledicke
mountains, at an altitude of 209 m. This area is characterized by moderate continental
climate with pronounced seasons [10].
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2.2 HOUSE DESCRIPTION

The subject of the research is an elevational earth-sheltered house in a field with
a natural decline (Fig. 1), intended for permanent stay of a four-member family.

“EEEmmE

Fig. 1 Isometric view Fig. 2 Room arrangement

As you can see from the attached image, the free facade (where the entrance
door is located) is oriented towards the south. The net area of the house is 102.5 m?.
The room arrangement is given in Fig. 2. A description of the building elements
constituting the thermal coating is shown in Table 2.

Table 2 Building physics

Building element A[m? | U [W/mK]
Wall 44,95 0.295

South facade | Window 6.25 5.855
Exterior door | 2.1 4

North facade 53.3

East facade 13 0.298

West facade 13

Floor 102.5 0.235

Roof 102.5 0.312

2.3 GSHP

In order to provide thermal comfort during the heating season, a REHAU GEO 7
[11] heat pump was used, which is coupled with vertical probes (primary heating circuit)
on one side, and on the other with underfloor heating (secondary heating circuit).

2.4 PV panels
The surface occupied by the PV panels represents the complete non-transparent

surface of the southern facade. Active solar cells occupy 70% of this area. The efficiency
of the solar cells is 12%, and the efficiency of the inverter is 75% [12].

3. SIMULATION SCENARIOS

Changing the dimensions and layers of the windows on the free (southern)
facade significantly affects the solar gain (on the one hand), but also the production of
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electricity from the PV panels (on the other hand), under the condition that the non-
transparent part of the southern facade is completely covered with PV panels.

In order to find the optimum ratio of transparent to non-transparent surfaces on
the southern facade, with the goal of minimizing the final (electric) energy consumption
for heating the house during the heating season, 5 simulation scenarios for 3 types of
window layers were carried out: single-glazed (Uss=5.855 W/m?K) double-glazed
(Ube=2.514 W/m?K) and triple-glazed windows (Utc=1.565 W/m?K).

Each scenario corresponds to certain dimensions of the windows (Table 3), which
directly affect the surface of the facade on which the PV panels are placed (Table 4).

Table 3 Number and dimensions of the windows by zones

Zone | BD1 BD2 [BD3 |K |LR |BA
Number of windows 1 2 1
Scenario 1 1x1 0.5x0.5
axb Scenario 2 1.2x1.2 0.6x0.6
Scenario 3 1.4x1.4 0.7x0.7
[m x m] .
Scenario 4 1.6x1.6 0.8x0.8
Scenario 5 1.8x1.8 0.9%0.9

Table 4 Non-transparent surface of the free (south) facade depending on the window
surface

A[m?] | Scenario1 | Scenario2 | Scenario3 | Scenario4 | Scenario 5
Asr 53.3

Aw 8.35 | 111 | 14.35 | 18.1 | 22.35

Ab 2.1

Ant 44.95 | 42.2 | 38.95 | 35.2 | 30.95

4. RESEARCH RESULTS

After conducting the simulations, the following conclusions were drawn: if the
windows on the southern facade were single-glazed (Fig 4), the final (electric) energy
consumption for each examined scenario is: 19.358 kWh/m?/a (Scenario 1), 19.142
kWh/m?/a (Scenario 2), 19.041 kWh/m?/a (Scenario 3), 19.035 kWh/m?/a (Scenario 4)
and 19.144 kWh/m?/a (Scenario 5). Electricity production from the PV panels for the
mentioned cases is: 12.066 kWh/m?/a (Scenario 1), 11.328 kWh/m?/a (Scenario 2),
10.455 kWh/m?/a (Scenario 3), 9.448 kWh/m?/a (Scenario 4) and 8.308 kWh/m?/a
(Scenario 5). Based on the obtained results, it can be concluded that the best results are
achieved in case of single-glazed windows (7.292 kWh/m?/a), and they are realized
when the windows on the southern facade are placed with dimensions corresponding to
the first case (Scenario 1).
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Fig. 3 Scheme of the heating system

In the case of double-glazed windows (Fig. 4), the final (electric) energy
consumption for starting the GSHPe compressor decreases as the surface of the
transparent elements increases. The highest consumption is in the first case, 17.668
kWh/m?/a (Scenario 1), while the smallest is in the last one (Scenario 5), 14.185
kWh/m?/a. However, the amount of electricity produced by the PV panels has the
opposite behaviour, being the highest in the first case (12.066 kWh/m?/a), and the
smallest in the last case (8.308 kWh/m?/a).

Considering all of the above, the best results are achieved when windows with
dimensions according to Scenario 3 are placed, since the power consumption can then
be reduced to 5.419 kWh/m?/a.

Triple-glazed windows give the best results (Fig. 4). The electricity consumption
in Scenario 1 is smaller than in the same scenarios in case of using single-glayed or
double-glazed windows. Savings of 0.339 kWh/m?/a are achieved in comparison to
double-glazed windows, while savings of 2.029 kWh/m?/a are achieved in comparison
to single-glazed windows. In this case (as with double-glazed windows), an increase in
the surface of transparent elements is accompanied by lower final energy consumption,
but also by lower electricity production from the PV panels. When all is taken into
account, the best results are obtained in Scenario 4 (4.612 kWh/m?/a).

5. CONCLUSION

In the case of single-glazed windows, the best results (7.292 kWh/m?/a) are
achieved when windows with dimensions corresponding to the first case (Scenario 1)
are placed on the southern facade. In the case of double-glazed windows, the best
results (5.419 kWh/m?/a) are achieved when windows with dimensions corresponding to
the third case (Scenario 3) are placed on the southern facade. In the case of triple-glazed
windows, the best results (4.612 kWh/m?a) are achieved when windows with
dimensions corresponding to the fourth case (Scenario 4) are placed on the southern
facade.

213



Aleksandar NeSovi¢, Vanja Sustersic, Nebojsa Lukic, Novak Nikolic, Ivana Terzic¢

ACKNOWLEDGEMENTS

This investigation is a part of the project TR 33015 of the Technological

Development of the Republic of Serbia and project Ill 42006 of Integral and
Interdisciplinary investigations of the Republic of Serbia. We would like to thank the
Ministry of Education, Science and Technological Development of the Republic of Serbia
for their financial support during this investigation.

REFERENCES

(1]
(2]

(3]

(4]

[3]
(6]

[7]

(8]

(9]

Earth-Sheltered Houses, Technical Series 94-220, from ftp://ftp.cmhc-
schl.gc.ca/cmhc/94_220.html, accessed on 2019-02-27.

Milanovi¢, A. R. (2016). Development of underground residential buildings and
their modern application in Serbia, Ph. D. thesis, University of Novi Sad, Faculty of
Technical Sciences, RS.

Alkaff, S. A., Sim, S. C., Efzan, M. N. E. (2016). A review of underground building
towards thermal energy efficiency and sustainable development - Renewable and
Sustainable Energy Reviews, vol. 60, no. 0, p. 692-713.

Hassan, H., Sumiyoshi, D. (2018). Earth-sheltered buildings in hot-arid climates:
Design guidelines - Beni-Suef University Journal of Basic and Applied Sciences,
vol. 55, no. 4, p. 397-406.

Wendt, R. L. (1982). Earth-Sheltered Housing: An Evaluation of Energy-
Conservation Potential, Department of energy, OAK Ridge National Laboratory.
Staniec, M, Nowak, H. (2009). Analysis of the energy performance of earth-
sheltered houses with southern elevation exposed, IBPSA 2009 Conference
Proceedings, p. 1907-1913.

Tundrea, H., Maxineasa, S. G., Taranu, N., Budescu, M., Gavrilescu, M., Simion, .
M. (2014). Environmental impact assessment and thermal performances of
modern earth sheltered houses - Environmental Engineering & Management
Journal, vol. 13, no. 10, p. 2363-2369.

Hazbei, M., Nematollahi, O., Behnia, M., Adib, Z. (2015). Reduction of energy
consumption using passive architecture in hot and humid climates - Tunnelling and
Underground Space Technology, vol. 47, no. 0, p. 16-27.

Terman, M. R. (1985). Earth sheltered housing - Principles in Practice, Van
Nostrand Reinhold Company.

[10] Energy Plus, Energy Simulation Software (Weather File).
[111REHAU, TECHNICAL INFORMATION - HEAT PUMP PROGRAM 952002 RS,

from http://plummediaserver.com/grejanje.com/rehau/teh_informacija_toplotne
pumpe_952002.pdf, accessed on 2019-02-29.

[12] Energy Plus, Energy Simulation Software (Engineering Reference).

214



85-9

539

9"?789993"839859





