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ARTICLE INFO ABSTRACT

. . One of the most important goals of sustainable development is to preserve nature and
Article type: improve it, and the manifestation of sustainable development in the built
Research Paper environment basin is called sustainable architecture. Green roof is one of the new
approaches to architecture and urban planning and arises from the concepts of
sustainable development, which can be used to increase the per capita green space,
improve the quality of the environment. Today, due to the increasing need for energy

Avrticle History:

Received 31 January 2023
Revised 31 March 2023
Accepted 01 May 2023
Published Online 18 May 2024

Keywords:

Green Roof,

Phase Change Materials,
Renewable Energy,

and the limitation of fossil fuels as depleting and polluting sources of the
environment, the need to use more renewable energy sources is felt. One of the
increasing uses of energy is thermal energy. One of the methods of thermal energy
storage is the use of phase change materials. This research has been prepared with
the aim of thermal optimization of green roof using phase change materials. By
selecting biodegradable materials as phase change materials used in the roof, the
research was conducted in three models and three different uses, using Energy Plus
software. According to the results, the green roof model optimized with phase
change materials in all three different uses of the building has increased the
temperature in the building in cold seasons and significantly increased the
temperature in hot seasons, and achieved thermal comfort. Therefore, according to
the results, using green roof separately causes more temperature balance.
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Introduction

Today, the environment, saving fossil fuels and sustainable development have become very important
and common topics at the international level. According to the International Energy Agency, over the
past 20 years, primary energy production has increased by 49 % and carbon dioxide emissions by 43
%. In 1980, the name sustainable development first appeared in a report by the World Conservation
Organization. Green roof is one of the new approaches to architecture and urban planning and arises
from the concepts of sustainable development, which can be used to increase the per capita green
space, improve the quality of the environment, and sustainable urban development. One of the most
important ways to use solar energy is to store energy during hot hours and use it in cold times. One of
the new methods of storing solar energy is the use of high-capacity thermal masses in energy storage.
Thermal masses are materials that can absorb, store and release energy when needed. Phasing
materials are a new generation of this type of thermal masses that, when receiving energy, store it as
latent energy by changing its phase, and at the desired time, returning to the initial phase, provide the
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stored energy to their environment. Ability to store a significant amount of solar energy in a relatively
small volume of phase change materials, reduce thermal energy storage, high rate of absorption and
dissipation of thermal energy, intelligence, and relatively cheap price of these materials are among the
advantages of using these materials in buildings.

Research Method

There are several types of building energy analysis software, each capable of performing a number of
analyze several the huge number of this software, Energy Plus is one of the most powerful and widely
used building thermal analysis software. The room modeled in this project is on the top floor of a
building. Due to the creation of a green roof and the addition of a layer of phase change material and
its effect on the last unit of the building, only the unit on the last floor of the building was modeled.
This sample unit in the city of Tehran with an area of 100 square meters and with an external wall
facing south and two double-glazed windows with a total heat transfer coefficient of 3.01 K?W/m® on
the south wall of the unit has been selected for simulation. To increase the accuracy of the work, the
unit floor, and the left outer wall were considered adiabatic. (No heat transfer). In the present study,
three-building models have been modeled in software. The first model of construction according to the
standard of Article 19 of the building, the second model of the building with the addition of green roof
layers according to the default of Plus Energy software, and the third model of green roof optimized
with phase change materials. After importing the material, other useful information such as light and
lighting, air conditioning system, etc. were entered into the Energy Plus software, and the desired
outputs of this research were obtained as changes in indoor temperature in different models. To make
the results more accurate, all three models designed for three different uses of the building, including
commercial, office, and residential use, were considered. Also, in this research, a biodegradable
substance or Bio_PCM has been used.

Results

In commercial use, the Model 3 is much more efficient than the previous two models. Model 2 shows
relatively good performance compared to Model 1, especially in summer. However, in model 3, by
adding a layer of phasing materials to the green roof layer, this model, compared to model 2, reduces
the temperature more in the hot season and increases the temperature more in the cold season, which
reduces energy consumption.

In office use, model 3 in office use, like commercial use, causes a greater balance of temperature
inside the office unit than model 2. In June, February, March, and April, which are the coldest months
of the year, the Model 3 keeps the internal temperature higher than the Model 2, closer to the comfort
temperature defined in the software, and on the other hand, in the warmer months of the year, May,
June, July. , August, September, and October kept the indoor temperature cooler than the Model 2. In
residential use, model 3 is more efficient and suitable than model 2.

The changes in thermal comfort in all three models used in this study show that model 3, i.e. green
roof combined with phasing materials, has generally been more successful in terms of thermal comfort
and has produced fewer temperature fluctuations over a longer period.

Conclusion

In this paper, the application of phasing materials in green rothe as an insulator in the rate of
temperature changes is investigated. After designing three different models of the standard roof, green
roof, and green roof optimized with phasing materials, the number of temperature changes in three
different models and three different uses of the building was examined. The results showed that the
third model, which was an optimized model of the green roof using changeable materials, had the
highest efficiency compared to the previous two models and caused a significant decrease in
temperature in hot seasons and an increase in temperature in hot seasons in the building. As a result, it
can be said that the use of phase change materials in the green roof can play a practical and significant
role in increasing the thermal comfort of the building and thus saving energy.
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