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ABSTRACT

This study,investigates and evaluates the effect of thermal mass variations and direct passive solar energy
gain through south-facing.glazing on providing thermal comfort conditions for the design of residential buildings
in different climatic zones of Iran.The use of high or low thermal mass depends on the weather conditions of
each climate and the building’s function. The range of Iran's climate, based on the Képpen-Geiger classification,
is divided into 9 climate types. The'key environmental parameters for these 9 climates include temperature, wind
speed, relative humidity, metabolic'rate (MET), and clothing insulation (CLO), for which the ASHRAE
Standard 55 and the PMV (Predicted Mean Vote) comfort model have been used. By importing weather
parameter files of selected cities into, Climate Consultant software, the output results, including thermal mass,
direct passive solar gain, and comfort conditions, were obtained. The results showed that in the Yazd climate, the
parameters of thermal mass in summer and direct passive solar gain in winter, with 60% and 25% respectively,
have the highest and lowest impact on passively improving thermal comfort. Furthermore, the thermal mass
parameter has no effect in the climates of Rasht, Ardabil, and Abali. Finally, natural ventilation methods and the

effect of thermal mass in the nine climate types across lranian cities-are proposed to improve comfort conditions.
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1. Introduction

Advances in building technology have significantly
transformed climate control and comfort in buildings.
Today;.technology enables the use of air conditioning
and heating in deserts and even the Arctic, ensuring
occupant comfort. However, this has led to a
homogenization of building design and construction
across «different . climates. This visual uniformity
indicates that if local weather conditions are overlooked
during building design;,it can result in increased energy
consumption, material use, and the exacerbation of
climate change. Given that 42% of total greenhouse gas
emissions areiassociatedwith buildings, this trend must
be taken seriously. The pervasive use of active heating
and cooling technologies facilitates,occupant comfort in
almost any location, while simultaneously increasing
building-related carbon emissions ‘and displacing
climate-responsive design strategies [1]:

Thermal mass is defined as the inherent ability of a
material to absorb and retain heat, strategically
employed as a passive design option to_reduce cooling
energy demand during warmer seasons or excessive
summer heat. This design choice has. demonstrated
notable success in stabilizing temperature fluctuations
and lowering overall energy consumption in buildings;
particularly in regions characterized by significant
diurnal temperature variations, leading to considerable
benefits in thermal comfort. The thermal response ©f
buildings with high thermal mass is significantly more
stable, helping to mitigate daily temperature swings,
which in turn is a key factor in its effectiveness,
especially when coupled with appropriate ventilation
[2]. In dry climates, high thermal mass slows the rate of
internal heating during summer days; in temperate
climates, high thermal mass contributes to temperature
stability, high levels of insulation, and prevention of
infiltration; and finally, in continental climates, high
thermal mass is effective for temperature stability, high
insulation levels, and infiltration control.

Rezaee and Taghizadeh [2] evaluated the impact of
key environmental parameters across Iran's 9 climates
by coding and applying the ASHRAE Standard 55
thermal comfort model in Climate Consultant software.
The environmental parameters for these climates—
temperature (18-38°C), air speed (0.1-0.5 m/s), relative
humidity (40-80%), metabolic rate (MET: 0.7-2), and
clothing insulation (CLO: 0.5-1.5)—were randomly
generated. Results comparing active methods
(evaporative cooling, heating & humidification, cooling
& dehumidification) and passive methods (window
shading, direct passive solar heating) for thermal
comfort showed that under four scenarios (winter/

summer CLO and MET levels), the best performance
occurred with winter/summer CLO of 0.5 and MET of
2. For most Iranian climates, passive methods can
provide thermal comfort for approximately 15-20% of
the year.

This research aims to fill existing gaps in the
literature and is innovative in several respects:

1. Systematic Climatic Framework: For the first
time, the impact of passive design parameters has been
comparatively investigated across all of Iran based on
the 9-zone Kdppen—Geiger classification.

2. Integrated Approach: Simultaneous analysis of
thermal mass and passive solar gain through windows,
simulating the interaction of these factors under more
realistic conditions.

3. Quantitative, Climate-Specific Guidelines: The
output is not merely qualitative; it provides percentage
values for the influence of each parameter (e.g., 60%
improvement from thermal mass in Yazd's summer) and
identifies ineffective zones (e.g., humid climates). This
offers engineers a practical design guide.

4. ['Integration of Standards and Local
Data:/Validation of the international PMV-ASHRAE
Standard 55‘model using Iran's indigenous climate data,
enhancing the reliability of the results for decision-
making in Iranian projects.

5. Defining Applicability’ Limits: The study clearly
identifies which universal .passive strategies are
effective in which regions 'of Iran and which may be
ineffective. This finding prevents resource wastage in
imitative design approaches.

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) [3].<An
environment is considered as very comfortable” when
PMV varies between 0.5 and +0.5.



Table 1.Thermal sensation scale used by Fanger.

PV onetion
3 Cold
2 Cool
1 Slightly cool
0 Neutral
+1 Slightly warm
+2 Warm
+3 Hot

Most of Iran is located in astemperate 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_devel. Although Iran is
sandwiched between two sizable water basins (the
Caspian Sea and the Persian Gulf), the.effects 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 Kdppen-Geiger
method and the usage of numerous additional stations
with a nearly regular distribution throughout the nation.
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 Kdppen—
Geiger climate classification (Figure 1) [4].

The present study aims to investigate climatic factors
including temperature, humidity, wind speed, and
environmental factors such as insulation and 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).
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Figurel.Kdppen-Geiger climate classification map of Iran

3. Discussion and Results

Combining thermal mass with direct passive solar
gain has many advantages. Using occupied spaces as a
passive heating system for a building is an effective
strategy, especially when combined with thermal mass.
Sunlight must be allowed into the building during the
heating season, a window facing 30 degrees south
(north in the southern hemisphere) will do this, and
when combined with internal heat such as heat from
people and equipment and with a heat recovery system,
a:building may be passively heated for most or all of the
winter. Therefore, climate-friendly buildings in cold
climates.seek to utilize solar windows to harness direct
solar gain and minimize openings on the opposite
facade. Figure 2 shows the orientation of a building in
combination‘with thermal mass with direct passive solar
gain. The use of heavy or light thermal mass depends on
the climatic conditions and the performance of the
building. In‘hotand dry*locations, thermal mass in walls
and roofs istneededsto balance large diurnal temperature
differences [5].4In cool and.temperate regions, thermal
mass is particularly useful in west-facing walls, which
are exposed to the.most solar radiation. For longer and
cooler winters (and longer and hotter summers), and in
cold climates, internal, thermal mass is also useful. In
hot and humid locations;”a lightweight structure is
preferred. Apart from hot /and humid “locations, a
combination of heavy and light buildings«is usually
used. Figure 3 shows the use of,heavy or light thermal
mass in different climatic conditions.
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4. Conclusions

This study investigated the influence of thermal mass
and direct passive solar gain on the thermal comfort of
residential buildings. Thermal comfort conditions were
analyzed for 9 of the 31 Koppen-Geiger climate zones
present in lran—specifically BWh, BSk, BSh, BWK,
CSa, CSh, CFa, DSa, and DSh. Weather data in EPW
format was processed using Climate Consultant
software, applying the ASHRAE Standard 55 and PMV
model. The output for selected cities, including thermal
mass, direct passive solar gain, comfort conditions, and
natural ventilation strategies, was examined through
various charts and tables. The key findings for the nine
climates are summarized as follows:

1-

Hot Desert (BWh - Yazd): Passive strategies can
achieve comfort for 1,827 hours (20% of the year).
Heavy thermal mass improves summer comfort
hours by up to 65%, while direct solar gain adds
15-25% in winter. Design should employ high-
capacity materials (e.g., concrete, brick) with night
ventilation and controlled winter solar intake.

Temperate with Hot Dry Summer (CSa -
Khorramabad): Passive comfort is possible for
1,198 hours (14% of the year). Medium thermal

mass improves summer comfort by up to 50%,
with controlled winter solar gain adding 20-25%.
Design should focus on internal thermal mass and
deep shading for south-facing windows.

Cold Semi-Arid (BSk - Mashhad): Passive comfort
is achievable for 1,814 hours (20.7% of the year).
Medium thermal mass provides up to 50%
improvement in warm months, with winter solar
gain contributing ~15%. A balanced design
combining medium thermal mass, insulation, and

movable shading for south windows is
recommended.
Hot Semi-Arid (BSh - Sabzevar): Passive

strategies yield 1,756 comfort hours (20% of the
year). Medium thermal mass (up to 50%) and
winter solar gain (up to 20%) are effective. Design
requires a combined approach with medium
thermal mass, insulation, and emphasis on
effective window shading, especially on the south
facade.

Humid Temperate (CFa - Rasht): Passive comfort
is limited to 489 hours (5.6% of the year). Heavy
thermal mass has negligible benefit, but winter
solar gain can add 15-20%. Design must prioritize
moisture-resistant insulation, extensive natural
ventilation, and humidity control, avoiding
investment in heavy thermal mass.

Cold Desert (BWk - Kerman): Passive comfort is
possible for 1,741 hours (19.9% of the year).
Heavy thermal mass improves summer comfort by
up to 60%, with direct winter solar gain adding
~25%. Design should combine heavy thermal mass
with a highly_insulated envelope to reduce winter
heat loss, using appropriate summer shading.

Temperate .with Dry, Warm Summer (CSb -
Ardabil): Passive comfort is achievable for only
~10% of the year«Thermal,mass is ineffective for
summer cooling, but passive solar heating can
improve winter scomfort by over 20%. Design
should focus ony high thermalw.insulation and
maximizing winter solar gain, aveiding heavy
thermal mass for cooling.

Cold Semi-Arid with Heot Summer (DSa -
Hamedan): Passive  strategies® provide’ 1,263
comfort hours (14% of the year). Light-to-medium
thermal mass improves comfort by up to"33%._in
peak summer, with winter solar gain”adding 15-
20%. Given very cold winters and hot.summers,
design must prioritize envelope insulation,
potentially using systems like double-skin walls
with internal mass.



9- Cold Semi-Arid with Warm Summer (DSb -
Abali): Passive comfort is attainable for 1,446
hours (16.5% of the year). Thermal mass is
ineffective in summer, but passive solar gain is
highly effective in winter. Design must concentrate
on super-insulated, airtight envelopes, windows
with very low U-values, and maximizing winter
solar_gain, making passive solar heating the key
strategy.
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Figure 1: Kdppen-Geiger climate classification in Iran
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Table 1: Temperature characteristics of the cities selected for analysis
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Figure 2: Flowchart of research steps
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Figure 3: Direction of thermal mass in different seasons
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Figure 4: Using heavy or light weight thermal mass in different climate conditions
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Table 2: Annual average results of thermal comfort, thermal mass, and direct passive solar energy reception in
different city climates
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Figure 5: Yazd BWh climate results
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Figure 6: BSk climate results
BSK pull guolis 5 S
Oy 4 (Jil glalad 5leslanul oo (oo jln sblie (andyss Jabyud (65, pebine cdlpo b ()l 300 5
Jad Job o Wl adyer el (Gl oy bS5 50 o 4 s sl SO pleisle SoTgled il S e
ploul 1) I8 cpl oyle )13 (o5 0,80 ;o (Jlod) ggiz 4z 0 Ve j0 a5 glojonty il ails |, flesloay 0945 o5 yials )5
4 Sl (e ozl S oy (Sl s b5 St 5 831 31 AL (sla ale (51 (sla S b o (olSias aos

!'High Thermal Mass with Night Flushing Zone
2 Passive Solar Direct Gain Low Mass Zone

3 Beam Radiation

4 Direct Normal Radiation

\Y



55 & e slyn 5 o o Iyn 5 ol b Sl sloglaile calily 358 o olis) olas b ey sl Jlabd sob
s i @b los jo ailes yaile, J8las a4 g (gauds o> reiiono G100 00 Sz (owd o> (slao iy 5l (6,10 0 00

(\ 3o (LA 1) s yo Jlbd (5] pdiins Z3L 0 b Sl 2 S e pleitle 6518 e ¥

window to total building
floor area:

cold climate %4
—— temperate %2

mild %1

Exposed thermal mass =
6 * area of glazing

Figure 7: Orientation of the building in the ther ss combination with direct passive solar energy reception
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Figure 8: SCa climate results
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Figure 9: A. One-way ventilation, B. Cross ventilation, and C. Chimney/ventilation
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Figure 10: Results'of the nine climates of Iran
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Table 5: Validation of results
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Study of the impact of thermal mass changes on the
thermal comfort of buildings in Irans climates using the
Koppen-Geiger method

Vahid Rezaee'?, Mojtaba Masoumnezhad °,

ab Department of Mechanical Engineering, Technical and VVocational University (TVU), Tehran,
Iran.

ABSTRACT
This study investigates.and evaluates the effect of thermal mass variations and direct passive solar energy

gain through south-facing glazingon providing thermal comfort conditions for the design of residential buildings
in different climatic zones of ‘lran. The use’of high or low thermal mass depends on the weather conditions of
each climate and the building's function. The range of Iran's climate, based on the Képpen—Geiger classification,
is divided into 9 climate types. The key environmental parameters for these 9 climates include temperature, wind
speed, relative humidity, metabolic rate (MET), and. clothing insulation (CLO), for which the ASHRAE
Standard 55 and the PMV (Predicted Mean Vote) /comfort model have been used. By importing weather
parameter files of selected cities into Climate Consultant software, the output results, including thermal mass,
direct passive solar gain, and comfort conditions, were obtained. The results showed that in the Yazd climate, the
parameters of thermal mass in summer and direct passive solar_gain in winter, with 60% and 25% respectively,
have the highest and lowest impact on passively improving thermal comfort. Furthermore, the thermal mass
parameter has no effect in the climates of Rasht, Ardabil, and Abali. Finally, natural ventilation methods and the

effect of thermal mass in the nine climate types across Iranian cities are proposed to improve comfort conditions.

KEYWORDS

THERMAL COMFORT, PASSIVE HEATING AND COOLING, PMV MODEL, KOPPEN-GEIGER CLIMATE
CLASSIFICATION, ASHRAE STANDARD 55.

! Corresponding Author: Email: vrezaee@tvu.ac.ir

vf



