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Green walls can reduce heat loss from buildings and the use of air
conditioning systems and thus reduce energy consumption in
buildings. It is necessary to use this method to reduce the use of fossil
fuels. The main goal of this research was to evaluate the thermal
performance of double-layer green walls to achieve the maximum
annual thermal load reduction in a typical commercial office building
in Tehran using DesignBuilder software. This practical research
employed a simulation method using case study and analysis. In this
research, for the first time compared to previous research, it is clear
that in a typical commercial office building in Tehran, if two internal
and external green walls are used at the same time, compared to one
external green wall on the west front of the building, there is a 13.3%
reduction. The annual heatload compared to previous research shows
that this amount of energy consumption reduction gap has not been
considered in any research in the world and it has been proposed for
the first time in the present study. Furthermore, the current research
indicated that the geographical front of the west has better thermal
performance with distances of 30 and 20 cm for the external and
internal green walls, respectively.
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EXTENDED ABSTRACT

Introduction

Throughout history, Iran has been known for having rich architecture in the field of
communication with nature, as well as architectural responses in harmony with nature.
Despite having suitable models in this direction, one of the country's problems is the
increase in energy consumption in the building sector; these buildings do not benefit from
the correct energy consumption pattern in this sector because the hot weather in tropical
regions causes excessive dependence on mechanical cooling systems. Green walls can
reduce the effects of city heat islands, increase green landscapes, improve air quality and
improve building energy efficiency. Currently, much research globally has provided
significant opportunities to study the improvement of energy efficiency in buildings with
the ability to use passive energy methods. The main goal of this research was to evaluate
the thermal performance of double-layer green walls to achieve the greatest amount of
reduction. The annual thermal load in a commercial office building is typical in Tehran.
The question of the present research was whether the simultaneous implementation of
green walls on both sides of the main facade of the building would have a role in reducing
the energy consumption of a typical commercial office building in the hot and dry climate
of Tehran.

Methodology

Simulation method was used in the present research with a case study approach and
application type of analysis. The modelling method used was as follows: firstly, the
climatic data of Tehran city was extracted through the weather files available on the
reliable site of Energy Plus, which is prepared in the Design Builder software for
Mehrabad weather station in Tehran in EPW format and hourly. Then, the modelling and
construction of the basic model, which is the typical commercial office building in Tehran
(Sadeghieh Doctors' building), was conducted with Design Builder software. In the next
step, single-layer green walls with Frankenia plant species were modelled and compared
in the four geographical directions of the base module on the exterior of the building, and
finally, the most optimal direction of the green wall for Tehran's climate was selected up
to this stage. Then, the base module was simulated despite two green walls on both sides
of the main facade, and the Vinca plant species were modelled in the interior of the
building facade, and the most optimal mode was selected up to this stage. Then, the quality
of the external wall materials was increased and the best condition was selected. Finally,
the results showed whether the two-layer green vegetation would have a better
performance in reducing energy consumption than the single-layer green wall in a typical
commercial office building in the hot and dry climate of Tehran, and the effect of the
research variables at the time of installing the green wall was determined. In addition, the
reduction in energy consumption was compared.

The location of the studied site was in the 5th district of Tehran and at the address of
Ashrafi Esfahani highway, Golestan third street.
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Results and discussion

The annual simulation results and findings with Design builder software showed that
the annual heating and cooling load for the base model in the hot and dry climate of Tehran
was 25,390 kilowatt hours and 118,540 kilowatt hours, respectively, with a total of 143,930
kilowatt hours. In addition, if solutions are provided, the total energy consumption of the
building is reduced from 143,930 kWh in the base building (without providing solutions) to
124,700 kWh (with solutions provided), which causes a 13.3% reduction in annual heat
load. From the findings and important results of this research, it was obvious that during the
simulation, the total energy consumption of cooling and heating of the building in the basic
module with one green wall was 3777.42 kilowatt hours, but with two green walls was
3660.16 kilowatt-hours. As a result, it caused a 3.1% reduction in annual thermal load when
using a double-layer green wall compared to a single layer green wall in the building, which
is a positive answer to the question of this research (Table 1).

Table 1. Comparison of annual heat loads of cooling and heating.
Heating Cold

Row Title load load Total
1 Actual base building (before optimization solutions) 25390 118540 143930
2 Actual base building (after optimization solutions) 12760 111940 124700
3 Annual thermal load reduction percentage - - 13/3
4 Basic module (before providing solutions) 1911/39 2500/91 4412/3

Base module (by implementing a green wall on the exterior at

5 an optimal distance) 2043/62 1733/80  3777/42
Basic module (with the simultaneous implementation of two
6 internal and external green walls at an optimal distance) 1727/57 1932/59  3660/16
7 Annual thermal load reduction percentage - - 3/1
Conclusion

In general, in this research, for the first time compared to previous research, it is clear
that if two green walls are used at the same time compared to one green wall on the west
front of the building, a 13.3 per cent reduction in annual heat load would be observed. This
amount of energy consumption reduction has not been considered in any research in the
world. In addition, due to the high validation accuracy (5.3 per cent), it can be extended to
other commercial office buildings in hot and dry climates. In addition, the findings clearly
demonstrated that if the double-layer green wall system is used in the base module in the
hot and dry climate of Tehran, it would cause a 3.1 per cent reduction in the annual thermal
load in the said building. In addition, the geographical front of the west has better thermal
performance with 30 and 20-cm intervals for external and internal green walls, respectively.
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