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Keyword: buildings. The green roof as a passive building system which has a
Thermal Behavior significant effect on the microclimate and the balance between the sensible
Green Roof and insensible heat of the environment is also known as a bioclimatic
Humid Climate design solution. The main goal of this study was to determine the solutions
Heat Transfer to bioclimatic architecture in the city of Rasht with a moderate and humid

climate. In this way, the bioclimatic chart and the Mahoney table were used
to extract the strategies. Then, to generalize these strategies in other
temperate climate areas, the thermal effect of green roofs in the cities of
Durban (South Africa), Tokyo (Japan), Kutaisi (Georgia), Houston (USA),

Energy Simulation
Design Builder Software

*Corresponding Author: Buenos Aires (Argentina), Brisbane (Australia) and Trieste (Italy) were
Najmeh Mastari Farahani evaluated by simulation with Design Builder software, assuming constant
Email: nfarahani@tvu.ac.ir building specifications. The results showed that the city of Rasht with an

annual heat loss of -1868 kilowatts per hour demonstrated better
performance compared to other climatic areas. It was also observed that
Bam Sabz was able to perform better in the first 6 months in Rasht. In the
first 6 months, this amount was approximately -650 kilowatt hours and in
the second 6 months it was approximately -1215 kilowatt hours.

~N @ @ @ ©2024 the authors. Published by Technical and Vocational E-ISSN: 2538-4430

University, Tehran, Iran. This article is an open-access article ISSN: 2382-9796
distributed under the terms and conditions of the Creative
Commons Attribution-Noncommercial 4.0 International (CC BY-NC

4.0 license) (https://creativecommons.org/licenses/by-nc/4.0/).



https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://karafan.tvu.ac.ir/?lang=en
https://www.doi.org/10.48301/KSSA.2024.416597.2709
https://orcid.org/0000-0003-4569-0423
https://orcid.org/0000-0003-2660-9714

Najmeh Mastari Farahani and et al. Simulation of Thermal Behavior of Green Roofs...

EXTENDED ABSTRACT

Introduction

Today, one of the biggest and most important concerns of researchers and urban
designers is environmental issues at the global level, particularly the excessive consumption
of fossil fuels and, as a result, the risk of climate change. Urban green space is a type of urban
land use surface with man-made vegetation that has both social and ecological efficiency.
Iran is one of the first countries to use renewable energy. Therefore, the question arises,
what role will green roofs play in sustainable urban development in Iran as one of the
solutions of sustainable architecture? Inaddition, whatis the difference between the effect
of using the green roof solution in different climates of the cities? Is this effect differentin a
specific climate (moderate and humid) in different cities of the world? For this purpose, the
present study was carried out to provide architectural solutions to increase indoor thermal
comfort by using green roofs. Using a green roof has many benefits, including reducing the
urban heat island effect, reducing air pollution, preserving building energy, reducing noise
pollution, creating fire resistance, and increasing property value. One of the most important
effects of the green roof is the improvement of the thermal behaviour of the green roof,
which was investigated in this research. In most previous research, the studies were
conducted in one city and region only. Therefore, in this research, the effects of green roofs
in temperate and humid climates in various cities of the world were investigated and
compared, which is the distinguishing feature of this research.

Methodology

This applied research consisted of two parts. The first part included the identification
and classification of passive design strategies. In this way, the city of Rasht was chosen as
the selected region. Its climatic data, including temperature and humidity, were prepared
for 10 years. Then, two methods were used to extract passive strategies, which included the
Givoni diagram and Mahoney table. To identify the strategies, the climatic data had to be
grouped in three-hourly form. Climatic data of temperature and humidity were prepared
for three hours separately for each month so that they could be applied to the Givoni
diagram. Then, the Mahoney table was used to determine the day and night thermal stress
of each month during a year based on the average annual temperature and average relative
humidity of the same month. In addition, to identify and introduce all the strategies, the
Mahogany table was also used. In the process of conducting the research, the specifications
of the architectural building and the characteristics of the materials used in the building
were assumed to be fixed so that the results obtained from the Design-Builder software
could compare the effect of the green roof in the mentioned cities more accurately
regardless of the type of architecture and materials. This part of the research was carried
out as a green roof simulation in 8 climatic zones in one year and different seasons. Design
Builder V.7 software was used for simulation. This software uses the Energy Plus
simulation engine. The climate files of the evaluated areas were selected as EPW files from
the software library. For modelling, a 3D software platform was used, and the model was
drawn with 3*3*3 proportions.
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Results and discussion

Table 7 shows the performance of the green roof in each climate area during a one-year
period and the amount of heat loss from the roof. Therefore, it can be seen that the total
amount of heat loss in the areas of Rasht, Durban, Tokyo, Kutaisi, Houston, Buenos Aires,
Brisbane and Trieste were approximately -1868, -2630, -2417, -4029, -1918, -1916,
respectively. -1939 and -3098 kilowatts per hour. Thermal performance in this research
was defined as the extent to which the green roof can reduce heat exchange in hot and cold
seasons as an insulator in such a way that in the hot seasons of the year, it reduces the hot
outside air inside, and does not direct the hot air from inside to the outside in the winter.
The lowest amount of monthly heat transfer in Rasht was -89 for Farvardin and the highest
amount was -266 kilowatts per hour. Moreover, for the other climatic zones of the
compared cities, the lowest and highest monthly heat transfer values were respectively
equal to -113 in Bahman and -297 in September, -110 in September and -361 in Esfand, -
256 in Mehr and -489 in Esfand, -91 in Mehr and -225 in Farvardin, -114 in Esfand and -243
in Shahrivar, -117 in Tir and -204 in Mehr, -163 in Mehr and -404 in Esfand.

Table 1. One-year heat transfer value for each climate area (in kilowatt hours).

-
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Rasht -89 96  -101  -114 -124 -128 -130 -176 -195 -213 -236  -662
Durban -162 184 215  -245 271  -297 -255 -260 -205 -144 -113 -155
Tokyo -302 -217  -160  -131 -115 -100 -114 -150 -215 -265 -287 -361

Kutaisi -442  -302  -295 -307 -332  -328 -256 -282 -306 -333 -377 -489
Houston -225  -147 -168 -155 -115 -127 91  -131 -141 -175 -209 -234

BXier‘;‘;S 125 135 -125 -163 -192 243 225 179 -143 -137 -125 -114
Brisbane  -161 -153 -176 -117 -189 200 204 170 -184 -136 -119 -130

Trieste -362 272 -199  -172 224 221  -163  -227 -244 -283 -327 -404

Conclusion

This research aimed to evaluate the thermal effect of the green roof in 8 temperate and
humid climate areas. The chosen climate area was the city of Rasht. The city of Rasht, with
its annual heat loss of 1868 kilowatts per hour, was able to show a better performance
compared to other climatic areas. Furthermore, Kutaisi showed the weakest performance
with an annual heat loss of -4029 kilowatt hours. Farvardin had the lowest heat loss value
of -89. This value was approximately 70 kilowatt hours less than Durban in comparison
with other areas. This amount was lower in other areas by approximately 210 in Tokyo, 330
in Kutaisi, 130 in Houston, 35 in Buenos Aires, 70 in Brisbane, and 270 kilowatt hours in
Trieste. It was also observed that Bam Sabz had a more acceptable performance in the first
6 months in Rasht compared to the second 6 months. The heat loss value in the first 6
months was approximately -650 kilowatt hours and in the second 6 months was
approximately -1215 kilowatt hours.
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Green roof plant

Grass/straw materials - straw thatch (m) AR
Thermal Bulk Properties
Conductivity (W/m-K) < fee
Specific heat (J/kg-K) M.
Density (kg/m3) SN
Height of plants (m) e
Green roof thermal parameters
LAl Y.y
Leaf reflectivity -YY-
Leaf emissivity -.90-
Minimum stomatal resistance (s/m) VA- .-
Max volumetric moisture content at saturation ~ -.0-+
Min residual volumetric moisture content s
Initial volumetric moisture content 0.
Surface properties
Thermal absorptance (emissivity) - YA«
Solar absorptance N2
Visible absorptance N2
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