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Objective: This study critically evaluates the effectiveness of thermal comfort models in
mid-rise residential apartments in Tehran, focusing on the discrepancies between
theoretical standards and the actual comfort experienced by occupants. Tehran's variable
climate and suboptimal construction quality present unique challenges in achieving thermal
comfort, making it crucial to develop context-specific approaches. The study examines the
limitations of the Predicted Mean Vote (PMV) index, a key component of national
standards in Iran, which often fails to account for occupant behavior, local environmental
factors, and adaptive strategies. The goal is to identify gaps in these models and inform the
development of more responsive thermal comfort guidelines, appropriate to the climate and
cultural context of Tehran.

Methods: A convergent parallel mixed-methods approach was used, combining
quantitative and qualitative data. Environmental measurements, including air temperature,
humidity, air velocity, and mean radiant temperature (MRT), were taken across seasons in
35 residential units. Qualitative data were collected through surveys of 112 residents (60
females, 52 males) to understand their perceptions of thermal comfort and adaptive
behaviors. Statistical power for the survey was set at 0.95, with surveys exploring
residents' responses to different indoor conditions and their use of heating, cooling, and
window management strategies.

Results: The study found that the PMV index accurately predicted thermal comfort only
17% of the time, highlighting its limitations in Tehran conditions. Discrepancies between
PMV and dry bulb temperatures were particularly pronounced in summer, resulting in
significant discomfort Residents preferred neutral temperatures of 20.55°C in summer and
23.86°C in winter, which differed from PMV predictions. Poor insulation, inadequate
windows, and inappropriate building materials were identified as major contributors to
thermal discomfort.

Conclusions: The results highlight the inadequacy of static models such as PMV in the
residential context of Tehran. Adaptive thermal comfort standards that incorporate
environmental and behavioral factors are needed to reflect local climates and occupant
behavior. This approach would promote passive design strategies, reduce energy
consumption, and improve occupant comfort, thereby promoting sustainable residential
environments.
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Introduction
Thermal comfort is a fundamental element of indoor environmental quality that affects the

health, well-being, and productivity of building occupants. Achieving optimal thermal
comfort requires an understanding of the interplay of various factors such as air temperature,
humidity, airflow, radiant heat, clothing, physical activity, and individual characteristics such
as age and health status. In Iran, the residential and commercial sectors account for
approximately 30% of the country's total natural gas consumption, highlighting the need to
optimize building design and occupant behavior to improve thermal comfort while reducing
energy consumption. This study aims to analyze thermal comfort and occupant behavior in
Tehran's residential apartments, focusing on the interaction between occupants and their
thermal environment.

Method
A mixed methods approach was used in this research, combining both quantitative and

qualitative data collection methods. Environmental parameters such as air temperature,
humidity, wind speed and radiant temperature were measured in 35 residential apartments in
Tehran during both winter (December) and summer (July) months. Quantitative data were
collected using Testo Smart Probes, which recorded environmental conditions from 10 am to
6 pm. The devices were positioned 80 to 120 cm above the floor and at least 100 cm away
from walls to ensure accurate readings. In addition, data on residents' activity levels and
clothing choices were recorded using the National Standard Checklist 14384. The study also
included qualitative data from questionnaires and interviews with 112 residents (60 women,
52 men), all of whom had lived in their homes for at least one year. This sample was selected
with a statistical power of 0.95 and an effect size of 0.34. The data were analyzed using
descriptive statistics and linear regression, with Python libraries such as pandas, numpy,
pythermalcomfort, and scikit-learn.

Results

Descriptive Statistics
Winter Summer
Outdoor air temperature: 9.26°C (SD = 2.05) Outdoor air temperature: 29.09°C (SD = 3.45)
Outdoor relative humidity: 43.58% (SD = 8.82) Outdoor relative humidity: 23.15% (SD = 7.64)
Outdoor wind speed: 2.49 m/s (SD = 1.29) Outdoor wind speed: 2.01 m/s (SD = 1.19)
Indoor air temperature: 21.79°C (SD = 1.31) Indoor air temperature: 22.23°C (SD = 1.48)
Indoor MRT: 19.24°C (SD = 0.99) Indoor MRT: 25.2°C (SD = 1.55)
Indoor relative humidity: 48.75% (SD = 10.12) Indoor relative humidity: 43.68% (SD = 11.84)
Indoor air speed: 0.21 m/s (SD = 0.12) Indoor air speed: 0.22 m/s (SD = 0.09)
PMV: -1.39 (SD = 0.47) PMV: -0.75 (SD = 0.47)
PPD: 46.33% (SD = 21.99) PPD: 21.08% (SD = 14.61)
TSV: -0.69 (SD = 1.35) TSV:0.41 (SD = 1.20)

Linear Regression Analysis
Winter Summer
R-squared: 0.084, p-value < 0.05 R-squared: 0.062, p-value < 0.05
For each 1°C increase in outdoor air temperature, For each 1°C increase in outdoor air temperature,
AMYV increases by 0.30 units. AMV increases by 0.20 units.

Occupant Behavior
- 26.4% of residents were satisfied with the indoor temperature, while 35% expressed
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dissatisfaction.
- Over 70% of residents used curtains or shading devices, and 65% used fans or portable fans
to adjust thermal conditions.

Linear regression analysis showed that in winter, for every 1°C increase in air temperature,
the AMV (Actual Mean Vote) increased by 0.30 units, with an R-squared value of 0.084. In
summer, this value was 0.062, and the AMV increased by 0.20 units per 1°C increase in
temperature. These results suggest that despite changes in environmental parameters,
occupants' thermal perception is not solely influenced by air temperature, highlighting the
complexity of factors that influence thermal comfort.

Thermal comfort behavior

A significant discrepancy was observed between the actual thermal comfort of the occupants
and the predictions of the PMV model. Only 26.4% of the residents were satisfied with their
indoor temperature, while 35% were dissatisfied. Over 70% of residents used curtains or
shades, and 65% relied on fans or portable fans to adjust their thermal environment. These
adaptive behaviors underscore the limitations of centralized HVAC systems and suggest that
occupant satisfaction is influenced by factors such as system inefficiencies and environmental
conditions.

Discussion and Conclusion

The results indicate that current thermal comfort models, such as PMV, fail to accurately
predict the thermal perceptions of occupants in Tehran's residential apartments. The
discrepancies between predicted and actual thermal comfort highlight the need for more
context-specific models that take into account local climate, building characteristics, and
occupant behavior. The results also point to architectural and HVAC system inefficiencies as
significant contributors to poor thermal comfort and high energy consumption. For example,
occupants often adjust their environment with auxiliary devices such as fans and curtains,
reflecting the failure of HVAC systems to meet their needs. While these behavioral
adjustments address short-term discomfort, they often lead to increased energy consumption
and further discomfort.

The study also reveals significant differences in neutral temperature values between winter
(23.86°C) and summer (20.55°C), reflecting the inefficient operation of heating and cooling
systems in Tehran's residential buildings. The high reliance on fans and shading devices
further highlights the inadequacy of existing HVAC systems, which are unable to maintain
consistent and comfortable indoor temperatures.

Recommendations

Based on the findings of this study, the following recommendations are proposed:

1. Revise and localize thermal comfort standards: Thermal comfort guidelines should be
revised to account for local climatic, cultural, and behavioral conditions by incorporating
adaptive comfort models that reflect real-world occupant behavior.

2. Improve building construction quality: Improvements in insulation, window quality, and
building materials can significantly improve indoor thermal comfort and reduce energy
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consumption.

3. Optimize HVAC systems: Implementing advanced, energy-efficient HVAC systems with
better control mechanisms, such as programmable thermostats, can improve comfort levels
while reducing energy consumption.

4. Increase Resident Awareness and Education: Educating residents on how to effectively use
HVAC systems and employ passive strategies (such as appropriate clothing and natural
ventilation) can help them achieve greater comfort while reducing energy demand.

5. Further research: Additional studies are needed to explore the role of environmental,
cultural, and behavioral factors in shaping perceptions of thermal comfort and to refine
predictive models for residential environments.

Conclusions
This study highlights the critical role of occupant behavior and environmental conditions in

determining thermal comfort in residential buildings. The results indicate that current models
such as PMV are inadequate for accurately predicting thermal comfort in Tehran's residential
apartments, suggesting that more localized and dynamic approaches are needed. Improving
building designs, optimizing HVAC systems, and better aligning comfort models with actual
occupant behavior can significantly improve thermal comfort and reduce energy consumption
in Tehran and similar cities.
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