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Design, as an advanced system, plays an important role in energy waste
in the world. The purpose of this study is to evaluate the effect of an
interior green living wall and natural ventilation in the atrium space to
reduce energy consumption in a temperate and humid climate. One of
the innovative aspects of this research is the focus on the simultaneous
analysis of these two variables and showing their synergistic effects on
optimizing energy consumption, which in previous studies have been
studied independently. The method of this research is descriptive-
analytical and simulation. Six building samples in the temperate and
humid climate of Mazandaran province were selected, which were first
simulated without natural ventilation and green walls on the interior
walls of the atrium in the Design Builder software and then examined
with them. Simulation results using DesignBuilder software show that
the greatest reduction in energy consumption is in building number one
in Babol city, which, when using a combined system, has a 54.6 percent
reduction in energy consumption in the heating sector and a 24.7
percent reduction in energy consumption in the cooling sector, and
carbon dioxide production is also reduced by 31.8 percent. Also, the
results of the paired t-test statistical analysis show that the combined
system has a significant effect on reducing the total energy consumption
of the building and reducing consumption in the cooling sector, but it has
no significant effect on heating consumption.
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EXTENDED ABSTRACT

Introduction

Design as an advanced system plays an important role in energy waste in the world. The
purpose of this study is to evaluate the effect of an interior green living wall and natural
ventilation in the atrium space to reduce energy consumption in a temperate and humid
climate. One of the innovative aspects of this research is the focus on the simultaneous
analysis of these two variables and showing their synergistic effects on optimizing energy
consumption, which in previous studies have been studied independently. The method of
this research is descriptive-analytical and simulation. Six building samples in the temperate
and humid climate of Mazandaran province were selected, which were first simulated
without natural ventilation and a green wall on the interior walls of the atrium in the
DesignBuilder software and then examined with them. The simulation results show that the
greatest reduction in energy consumption is in building number one, in the city of Babol.
Also, the results of the paired t-test statistical analysis show that the aforementioned
combined system has a significant effect on reducing the building's total energy
consumption and reducing consumption in the cooling sector, but it does not have a
significant effect on heating consumption.

Methodology

The research method in this study is descriptive-analytical and simulation. The method
of collecting information is documentary and the required data are extracted from reliable
scientific sources, climatic references, field surveys and architectural maps. In this study, the
independent variables include (natural ventilation - green wall on the inner walls of the
atrium - building elevation and climatic conditions) and the dependent variable includes
(carbon dioxide - cooling and heating load and energy consumption). In this study, six
residential apartment samples in Mazandaran province have been selected. First, the
buildings under study without natural ventilation and green wall on the inner walls of the
atrium have been simulated and evaluated in the thermal behavior simulation software
Design Builder. In the next stage, natural ventilation and green wall on the atrium wall are
added and the results are analyzed and compared in terms of energy. Also, in this study, a
paired t-test was performed for statistical analysis using the programming language
(Python) and the library (SciPy) version 3.x.

Results and Discussion

The results of these simulations show that the highest reduction in energy consumption
was observed in Building No. 1 in Babol. The results also show that the use of a green wall
and natural ventilation in the atrium of this building has reduced gas consumption by 54.6%
in the heating section and electricity consumption by 24.7% in the cooling section. In total,
the reduction in total energy consumption by separating energy carriers is estimated at
41.7%. In addition, the amount of carbon dioxide emissions in this building has been
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reduced by 31.8% by adding a green wall and natural ventilation to the atrium. In Building
No. 2, an 8.7% reduction in energy consumption is observed in the heating section when
using a green wall and natural ventilation. In the cooling section, there is also an 18.7%
reduction in energy consumption when using a green wall and natural ventilation. In
Building No. 3, a 14.7% reduction in energy consumption is observed in the heating section
when using a green wall and natural ventilation. In the cooling section, there is a 7%
reduction in energy consumption when using a green wall and natural ventilation. In
building number 4, there is a 16% reduction in energy consumption when using a green
wall and natural ventilation in the heating section. There is a 5% reduction in energy
consumption when using a green wall and natural ventilation in the cooling section. In
building number 5, there is a 5% increase in energy consumption when using a green wall
and natural ventilation in the heating section. There is a 10% reduction in energy
consumption when using a green wall and natural ventilation in the cooling section. In
building number 6, there is a 12% increase in energy consumption when using a green wall
and natural ventilation in the heating section.

Only in building number 6, the effectiveness of the combined system solution was
noticeably different and in some cases an increase in gas consumption was observed. This
heterogeneity could be due to specific architectural design factors such as the unfavorable
northern orientation of the building, which, together with the strong influence of
environmental factors such as wind direction in winter; has led to a greater dependence on
heating in the building. Another important factor is that the atrium area of this building
(17.45 square meters) is larger than that of other sample buildings, which causes more heat
loss during natural ventilation of the atrium in winter and obviously increases gas
consumption in the heating section.

Conclusions

The results of the simulations show that among the buildings studied, the greatest
reduction in energy consumption was observed in building number 1 in Babol city. The
results of the paired t-test statistical analysis show that the green wall and natural
ventilation of the atrium have effectively reduced the total energy consumption of the
building and also reduced consumption in the cooling and electricity sectors and have had
asignificant effect, but have not had a significant effect on heating consumption. The reasons
for this are, in short, due to specific architectural design factors such as the northern
orientation of the building, which, with the strong influence of environmental factors such
as wind direction in winter, has caused greater dependence on heating in the building. Also,
the atrium area of this building is larger than other sample buildings, which causes more
heat loss during natural ventilation of the atrium in winter.
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