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ABSTRACT

In this study, environmental indicators for ensuring thermal comfort conditions for the design of residential
buildings in various climatic conditions of Iran have been investigated and evaluated. This study proposes the
impact of climatic indicators on building design using coding and the ASHRAE 55 standard thermal comfort
model in the Climate Consultant, software. Iranian cities are divided into 9 climates using the Koppen
climatology method. The environmental indicator parameters in these 9 climates include temperature ranging
from 18 to 38 degrees Celsius, air velotity between 0.1 to 0.5 meters per second, relative humidity between 40 to
80 percent, metabolic rate (met) between 0.7.to 2, and clothing insulation (clo) ranging from 0.5 to 1.5, which
are generated randomly. The results of active methods (evaporative cooling, heating and humidification,
cooling and dehumidification) and passive methods (window shading, direct passive solar heating) for thermal
comfort showed that for the four scenarios (winter and summer clo, and met), the best performance was in the
scenarios of (winter and summer clo at 0.5 and met'at 2). For most climates in Iran, comfortable conditions are

achieved with passive methods for approximately 15 to 20 percentof the year.
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1. Introduction

Thermal comfort refers to an individual's subjective
satisfaction with their environmental conditions;
therefore, thermal comfort has a direct impact on the
health and morale of individuals [1]. Consequently,
maintaining, thermal comfort for building occupants is
the primary goal of design engineers, architects, and
building_«operators (heating, ventilation, and air
conditioning). According to ASHRAE Standard 55,
thermal comfort indicates that individuals wearing
typical®, clothing <experience a balanced comfort
condition. This‘comfort condition is achieved when air
temperature; relative humidity, and air velocity are
within a specific range; often referred to as the comfort
zone [2].

Sheikhzadeh et al. [1] numerically. investigated the
impact of fan speed and placement on thermal comfort
parameters and energy consumption in‘office buildings.
Hamze Nejad et al. [3] studied thermal comfort and the
PMV and PPD comfort indices based on lightiand the
orientation of houses in the traditional context of Yazd.
Sheng Xian Wei et al. [4] examined PMV indices for
natural ventilation in residential buildings in one/f the
provinces of China. Monjazi and Eslamimoghadam [5]
used the PMV model to assess thermal comfort in urban
outdoor spaces along the sidewalks of Khorramabad
during the summer season. Cyril Bris Zizi et al. [6]
predicted thermal comfort in air-conditioned buildings
in hot and humid areas of South Africa using the PMV
and PPD models. Amini et al. [7] numerically evaluated
the performance of an office space equipped with a
radiant cooling system in terms of thermal comfort
conditions and indoor air quality using ANSYS Airpak
software. Mohammadi et al. [8] utilized the PMV model
to create a bioclimatic map of Iran for all months of the
year. Finally, Taheri et al. [9] investigated the thermal
comfort status of employees at the Al-Zahra
Educational and Treatment Center using the PMV
model.

The three relevant standards related to thermal
comfort are the International Standard 1SO 7730 (2005),
the European Standard EN 15251 (CEN 2007), and
ASHRAE 55 (2010) [2]. The International Standard
ISO 7730 can be used to determine the PMV (Predicted
Mean Vote) and PPD (Predicted Percentage of
Dissatisfied) indices. This standard applies to healthy
individuals exposed to indoor environmental conditions.
Three software programs that perform thermal comfort
calculations include two that are capable of visualizing
comfort conditions: the Climate Consultant software,
the Ecotect Weather software, and the ASHRAE
Thermal Comfort software. Among the four comfort

models in Climate Consultant, the second model
corresponds to ASHRAE 55 and is known as the PMV
model.

In this study, the impact of environmental
parameters including temperature, wind speed, relative
humidity, metabolic rate, and insulation on thermal
comfort was evaluated in nine climates of Iran using the
Climate Consultant software with the PMV model.
Additionally, the influence of climatic indices on
building design was proposed through coding in Python
and the ASHRAE 55 standard thermal comfort model in
the Climate Consultant software.

2. Methodology

PMV is an index that predicts the mean value of the
votes of a large group of persons on a seven-point
thermal sensation scale (see Table 1) [4]. An
environment is considered as very comfortable when
PMV varies between 0.5 and +0.5.

Table 1.Thermal sensation scale used by Fanger.

PMV Therrr_1a|
sensation
3 Cold
2 Cool
1 Slightly cool
0 Neutral
+1 Slightly warm
+2 Warm
+3 Hot

Most of Iran is"located in a temperate region with
latitude between 25- and 40- degrees north latitude. Iran
has a high plateau with'a majority of its territory rising
beyond 475 meters above sea level. Although Iran is
sandwiched between{ two sizable water basins (the
Caspian Sea and the Persian Gulf), theveffects of these
basins are only felt in the immediate vicinity due to the
Alborz and Zagros Mountain ranges _and their
geographic location. Because ‘of this, these enormous
water basins rarely have an impact on controlling the
temperature of the country's interior.The produced
climate map now shows more information about the
country's climate zones thanks to the Koppen-Geiger
method and the usage of numerous additional stations
with a nearly regular distribution throughout ‘the nation
[10]. Therefore, although there are various
classifications for Iran’s climate, a good way to achieve



a basis for determining the country's climatic zones is
the Képpen—Geiger climate classification (Figure 1).
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Figurel.Kdppen—Geiger climate classification.map of Iran

The present study aims to investigate, climatic factors
including temperature, humidity, wind speed, and
environmental factors such as insulationsand metabolic
rate in cities of Iran. The methodology involves using
EPW format weather files for each region, which have
been extracted from websites like EnergyPlus for the
climatic conditions of cities in Iran and other parts of
the world. By inputting the weather files of selected
cities into the Climatic Consultant software, climatic
charts are generated and analyzed using the software:
The output results include active methods (evaporative
cooling, heating and humidification, cooling and
dehumidification, individual dehumidification) and
passive methods (window shading and passive solar
heat gain) for thermal comfort in nine climates of Iran
for four scenarios (winter and summer clothing
insulation and metabolic rate).

3. Discussion and Results

The aim of this research is to examine and evaluate
environmental indicators for ensuring thermal comfort
conditions in the design of residential buildings for
various climatic conditions using the ASHRAE 55 PMV
model. By coding in Python and utilizing the ASHRAE
55 thermal comfort model in the Climate Consultant
software, the impact of climatic indicators on building
design is proposed. The environmental indicator
parameters include temperature, wind speed, relative
humidity, metabolic rate, and insulation covering, which
are used in the PMV model. The selected data for
temperature ranges from 18 to 38 degrees Celsius, air
speed from 0.1 to 0.5 meters per second, relative
humidity from 40 to 80 percent, metabolic rate from 0.7
to 2, and insulation covering from 0.5 to 1.5, all
generated randomly. In total, 13 random datasets have
been produced, providing sufficient diversity for

analyzing the indicators. Initially, the data was
generated, and the calculation results are presented in
tabular form. Graphs have been drawn separately and in
combination to observe the impact of each variable both
individually and collectively.

In Figures 2a and 2b, and Figures 3a and 3b, the
PMV and PPD graphs are shown against the MET for a
winter CLO of 0.5 and a summer CLO of 1.5 in 9
climates of Iran, respectively.
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Figure2.The PMV and PPD chart at aClo of 0/5 for 9 regions
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4. Conclusions

In this study, the impact of climatic indices on building
design was proposed using coding and'the ASHRAE 55
thermal comfort model in Python and the Climate
Consultant  software. The environmental index
parameters include temperature, wind speed, relative
humidity, metabolic rate, and insulation cover, which
are utilized in the PMV model. Additionally, the Tresults
were examined for four scenarios (CLO winter 0/5,
CLO summer 0.5, and MET equal to 0.7), (CLO winter
1, CLO summer 0.5, and MET equal to 1.1), (CLO
winter 1.5, CLO summer 0.5, and MET equal to 2), and
(CLO winter 1.5, CLO summer 1.5, and MET equal to
2) for nine climates of Iran in residential buildings. The
nine climates identified by Koppen-Geiger for Iran
include BWh, BSk, BSh, BWk, CSa, CSh, CFa, DSa,
and DSbh, which were studied for thermal comfort
conditions. By inputting climate data in EPW format
into the Climate Consultant software and using
ASHRAE 55 standards and the PMV model, the output
results for these climates included active methods
(evaporative cooling, heating and humidification,
cooling and dehumidification, individual
dehumidification) and passive methods (window
shading, direct passive solar heat gain) for thermal
comfort.
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Fig.2. Koppen —Geiger climate classification map of Iran
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Table 2: Temperature characteristics of the cities selected for analysis
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Table 3: results of the PMV model calculations
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Table 4: Validation of the results
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Fig. 3. Results of the PMV and PPD Thermal comfort models versus temperature
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Fig. 4. Results of the PMV and PPD Thermal comfort models versus air velocity
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Combined PMYV and PPD vs Variables
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Fig. 9. Results of active and passive parameters in different Clo and Met in the BWh climate
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Fig. 12. Results ofactive and passive parameters in different Clo and Met in the BSh climate
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Evaluating of the impact of environmental indicators
on thermal comfort for different climates in Iran using
the PMV model

Vahid Rezaee'?, Abouzar Taghizadeh®,

Department of Mechanical and Electrical Engineering,National University of Skills (NUS), Tehran,
Iran.

ABSTRACT
In this study, environmental indicators for ensuring thermal comfort conditions for the design of residential

buildings in various climatic cenditions of Iran have been examined and evaluated.This study proposes the
impact of climatic indicators on building design using coding and the ASHRAE standard thermal comfort
model in the Climate Consultant _software. Iranian cities are divided into 9 climates using the Kdppen
climatology method. The environmental indicator parameters in these 9 climates include temperature ranging
from 18 to 38 degrees Celsius, air velocity between 0.1.t0 0.5 meters per second, relative humidity between 40 to
80 percent, metabolic rate (met) between 0.7 to 2;y'and clothing insulation (clo) ranging from 0.5 to 1.5, which
are generated randomly.The results of active methods (evaporative cooling, heating and humidification, cooling
and dehumidification) and passive methods (window shading, direct passive solar heating) for thermal comfort
showed that for the four scenarios (winter and summer clo, and'met), the best performance was in the scenarios
of (winter and summer clo at 0.5 and met at 2). For most climates in Iran, comfortable conditions are achieved

with passive methods for approximately 15 to 20 percent of the year.
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Pasive Cooling, Thermal Comfort, PMV Model, Koppen Climatology, Air Conditioning.
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