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Abstract

Today, saving energy is one of the essential elements for reducing global warming, controlling climate change,
reducing the level of greenhouse gases in the atmosphere, and decarbonizing. Considering that the building sector
consumes half of the world's energy, the question arises as to how to reduce energy consumption in hot and cold
seasons by processing the functional model and using renewable resources in the outer shell of the building.
Reduced The purpose of this research is to introduce a practical model that is obtained from the combination of
the mechanism related to near-zero energy buildings, the simulation of energy behavior in the environment of
Design Builder software, and the architectural design based on climatic characteristics. This model can be easily
used in existing buildings with office use located in hot and dry climates, and in addition to cold seasons, it can
lead to energy optimization in the building. This research is a combination of quantitative and qualitative and of
an applied type. To collect and analyze climate data, climate consultant software was used, and to analyze energy
behavior in the building, Design Builder was used as an energy simulator software. The results of the research
indicate that energy buildings close to zero are effective in reducing energy consumption. The simulation results
confirmed that the use of a Trombe wall with a thickness of 25 ¢cm reduces the heating load of the building by
29.43% in cold seasons. At the same time, this element does not perform well in hot seasons and it is necessary to
adjust the heat and energy received in hot seasons by adopting architectural solutions including thermal chimneys
and openings, and using natural airflow.
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Extended Abstract

Introduction

In recent years, factors such as global warming
and the energy crisis in the world have caused
many countries to experience changes in the
field of effective and efficient use of energy.
Especially after the oil crisis in the 1970s, there
has been a significant sensitivity about energy
consumption around the world. Since the early
1990s, when it became clear that more than 50%
of the energy used in the world is used in
buildings, solutions to minimize energy
consumption in buildings were studied.
Considering that the building sector is one of the
leading sectors in energy consumption, there is
a great need for various studies to create living
conditions in comfortable and healthy spaces in
order to reduce energy consumption in
buildings. Increasing awareness about energy
and environment goes back to the 70s. In the
years 2010 to 2012, many laws, regulations and
systems were introduced in order to reduce
energy dependence in the world, to increase the
national reserves of buildings, decarbonization,
and guarantee the cost-effective conversion of
buildings. It has been very efficient to build
buildings with nearly zero energy and reduce
greenhouse gas emissions by 80 to 95 percent
compared to the end of the 20th century. In
order to improve the buildings that are more
efficient in reducing energy consumption, the
minimum energy performance requirements of
the building should be defined and based on
that, appropriate strategies to reduce energy
consumption should be explained. One of the
ways to solve the problems caused by the
consumption of renewable energy in the field of
construction is to use the models of “close to
zero energy buildings".

Methodology

This research is a combination of quantitative
and qualitative and of an applied type. The
qualitative aspect of the research is based on
reviewing and inferring from up-to-date library
sources, which led to the formulation of the
practical model and the theoretical framework
of the research. The quantitative aspect of the
research relies on the use of software tools,
including climate consultant and design builder,
and estimating and analyzing the required load
and energy behavior in the building. The results

of the applied model and the theoretical
framework of the research indicate that the
energy supply of the building using fossil fuels
faces the planet earth from many aspects with
negative consequences and environmental
hazards. With this definition, replacing fossil
fuels with renewable energy sources is
considered one of the pillars of sustainable
architecture.

Results and discussion

In near-zero energy buildings, before using the
models related to energy consumption
optimization, it should be ensured that the
energy loss in the building is minimized. In the
simulation of the Trombe wall, brick materials
have been used due to their favorable heat
capacity, and the use of phase change materials
has been avoided. At the same time, ventilation
is installed at the top and bottom of the Trombe
wall. Four different scenarios for the Trombe
wall model with thicknesses of 10, 15, 20, and
25 cm in the office building have been
processed in Design Builder software. The
simulation results show that the annual heating
load of the building is reduced by 42.28% in the
first scenario, 42.87% in the second scenario,
43.8% in the third scenario, and 43.29% in the
fourth scenario compared to the normal state.
Therefore, the comparative comparison of the
scenarios shows that the lowest annual heating
load is related to scenario 4 and the highest is
related to scenario 1 (Figure No. 10). Although
the use of Trombe wall with a thickness of 25
cm in the entire southern facade reduces the
annual heating load by 29.43%; On the other
hand, the Trombe wall increases the annual
cooling load of the building compared to the
normal state. As a result, the Trombe wall does
not perform properly in the hot season. The
comparison of the scenarios in terms of the total
annual cooling and heating load shows that the
Trombe wall with a thickness of 25 cm has a
better performance and the buildings with a
Trombe wall with a thickness of 20, 15 and 10
cm and finally the normal state in the category
The evaluation of the results of the scenarios
indicates that the use of Trombe wall with a
thickness of 25 cm shows the best performance
among the scenarios. However, due to the
inappropriate performance of the trombe wall in
the hot season and the increase in the cooling
load required by the building, it is necessary to
deal with the excess heat directed to the building
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in the hot season while adopting appropriate
solutions in the architectural design of the
building.

Conclusion

The results and findings of the research show
that the near-zero energy building model
contributes significantly to the sustainability of
the urban energy system on the end user's side.
Due to the lack of codified models and
standards in Iran regarding near-zero energy
buildings, the applied research model was
developed according to the conditions and
characteristics of hot and dry climate. The
results of the model led the researchers to use
the Trombe wall in architectural design. The
simulation of the energy behavior in the Design
Builder software environment confirmed the
results of the functional model and showed that
the Trombe wall as a static thermal system has
a high performance in reducing the heating
energy required in cold seasons. However, it
increases the need for cooling energy in hot
seasons due to the generation of excess heat
inside the building. Therefore, it is necessary to
neutralize the excess heat in hot seasons by
adopting architectural solutions such as using
thermal chimneys and changing openings. As a
result, energy consumption can be optimized by
using Trombe wall simultaneously with
architectural solutions in hot and cold seasons.
The results of the applied model can be used as
a guide and instruction for urban designers and
architects in the city of Isfahan and buildings
with office use. Also, in future research, by
following the materials and methods of this
article, researchers can process near-zero
building energy models for other types of
territorial climates or other urban uses.
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