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The climatic conditions of various regions in Iran are critical
parameters in the design and provision of thermal comfort within
residential architecture. This study aims to develop appropriate
climate-responsive design models for Shiraz, grounded in thermal
comfort indicators. The research employs a descriptive-analytical
methodology, utilizing advanced modeling software, specifically the
Grasshopper plugin, for simulation purposes. Climatic data for the city
of Shiraz has been extracted using the Ladybug plugin, with the
relevant EPW file incorporated into the analysis. This data was then
employed to simulate climate tables, generate diagrams of flowerbeds,
and determine optimal building orientations, in addition to creating
psychrometric diagrams to identify the most effective design solutions
aligned with the local climate. The findings indicate that Shiraz falls
within the climate comfort zone during the winter and spring months,
notably in February, March, and April. However, it is important to note
that the temperature during these months, with the exception of April
13-16, often exceeds the comfort range. Consequently, it is
recommended to position the majority of windows on the southern
facade and to incorporate auxiliary heating systems. Conversely,
during the months of June, July, August, and September, temperatures
surpass the comfort level; thus, the integration of materials with high
thermal mass, appropriate shading devices, and the utilization of
evaporative cooling systems are essential to alleviate internal
conditions and maintain indoor comfort levels.
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Introduction

The consideration of regional climatic conditions during various stages of building design is
essential, particularly for structures intended for human occupancy. This focus is warranted
for two primary reasons: first, to enhance comfort and health within indoor environments,
and second, to optimize fuel consumption through the efficient use of temperature control
devices. The impact of climatic conditions on different buildings varies significantly,
influenced by the cost-effective facilities available for their construction. Furthermore,
distinct climates characterized by diverse weather patterns exert differing effects on
architectural outcomes. Natural elements, including topography, altitude, water bodies,
vegetation cover, and adjacent features, modify the characteristics of macroclimates, leading
to the formation of microclimates. The regional microclimates in which construction occurs
also play a critical role in shaping enclosed spaces. Buildings act as crucial barriers against
external climatic conditions while simultaneously generating an internal climate influenced
by the surrounding microclimate. Architectural components such as thermal envelopes—
comprising walls, windows, roofs, and floors—are instrumental in defining the microclimate
and internal climate, establishing a separation that significantly impacts the indoor
environment. Buildings are often described as "climate modifiers," as they can leverage local
climatic and environmental conditions to enhance cohesion and improve architectural
quality and habitat conditions. It is imperative that architectural design and building
components work collaboratively to create an internal climate that ensures optimal thermal
comfort across all seasons, whether hot or cold. However, achieving thermal comfort
internally does not occur automatically; thus, the utilization of heating, ventilation, and air
conditioning (HVAC) systems becomes essential. These systems facilitate the adjustment of
the internal climate to attain a suitable thermal comfort state for occupants. Given that this
process initially requires energy consumption, the transition to thermal comfort is contingent
upon minimizing energy usage.

Material and Methods

This research adopts a descriptive-analytical methodology rooted in practical objectives. The primary
aim is to analyze and evaluate the traditional architecture of residential structures in Shiraz to
establish a viable model for contemporary housing design that integrates solar energy. This study is
of substantial significance, as its findings possess practical applicability. The results contribute to the
improvement and refinement of practices, methodologies, and tools within structural design relevant
to the research focus. This research has the potential to benefit the housing sector by enhancing the
quality of living spaces from both environmental and climatic perspectives and, importantly, by
reducing energy consumption in residential buildings constructed in Shiraz. The municipalities and
the Housing and Urban Development Organization in Shiraz serve as the principal implementers and
overseers of this construction initiative, while the Engineering System Organization plays a crucial
role within the professional sector. Climatic data are essential components of building energy
analysis software, as weather conditions significantly influence calculation outcomes. Factors such
as geographic latitude and longitude, minimum and maximum temperatures, humidity levels, and the
number of freezing days per year, along with other climatic and geographic determinants,
substantially impact design and planning decisions. Designing and shaping buildings without access
to and understanding of the environmental context contravenes scientific principles and is considered
unorthodox. The climatic conditions of Shiraz have been modeled within an EPW file for simulation
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software, enabling an accurate assessment of the impact of climate and geographic location on the
analyses, thereby ensuring more reliable and scientifically robust results. By extracting weather
tables and diagrams, including psychrometric charts, optimal orientations for buildings are
determined. Furthermore, the Ladybug software, in conjunction with Grasshopper plugins, was
utilized to generate temperature and psychrometric diagrams, thereby facilitating the development of
optimal design strategies that align with the local climate.

Results and Discussion

The climatological analysis of the Shiraz station indicates a relatively moderate climate with
respect to temperature, relative humidity, wind, and solar radiation. The region demonstrates
optimal conditions for thermal comfort; moreover, during periods of thermal discomfort,
natural ventilation systems effectively restore comfort levels. As a result, the reliance on air
conditioning in this climate is significantly reduced. Statistical data reveal that
approximately 2% of the daily hours experience dry-bulb temperatures below zero degrees
Celsius, while 8% of the hours record temperatures ranging from 22°C to 24°C, and 38% of
the hours fall within the range of 24°C to 38°C. According to the solar shadow diagram for
the winter and spring seasons, the city of Shiraz remains within the thermal comfort zone
from 8 AM to 11 AM in May. During other hours of the day, however, it exists outside this
zone. A similar pattern is observed in January, February, and March, wherein temperatures
predominantly remain outside the comfort range, specifically below 21°C, with the
exception of the hours between 1 PM and 4 PM in March. In the summer and autumn
seasons, temperature readings in July and August exceed the comfort threshold from 7 AM
to 7 PM, whereas temperatures during other periods of the day fall below this threshold.
Notably, in September, temperatures are within the thermal comfort zone from 7 to 8 AM,
as well as from approximately 8 to 11 AM and 5 to 6 PM in October, and from 11 AM to
around 1 PM in November. During the remainder of the day, temperatures are either above
or below the comfort range. The prevailing wind direction at the Shiraz station is
predominantly from the west and northwest, with the most intense winds originating from
the southwest, often exceeding speeds of 18 meters per second in the area. The average
prevailing wind speed is approximately 4 meters per second, and the highest temperature
ranges (24°C to 38°C) are primarily influenced by winds from the southwest toward the
studied area.

Conclusion

Therefore, based on the data from the psychrometric table, suggestions can be made for
climate-adaptive design to maximize solar energy by increasing the number of openings on
the southern fagade of the building. The energy requirements in winter can be met by this
approach. It is important to note that these openings should be protected by horizontal
shading devices so that during summer and hot seasons, the entire glazed surface of the
openings remains shaded. Additionally, it is preferable to use high-efficiency double-glazed
windows (E-Low) on the west, east, and north facades; however, transparent glass can be
used on the southern fagade. In this climate, employing evaporative coolers to increase
indoor humidity is significant. Furthermore, using materials with high thermal capacity can
store solar energy in winter and release the accumulated heat to the external environment
during summer days. Moreover, it is advisable to create spaces such as storage rooms to
protect the building from undesirable and cold winds.
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Total Percentage of Comfort including Passive Strategies = 66.58% %

o

Assurmptions:

- Humnidty Ratic Upper limit: 0.012 kg water / kg air 0.0z
- Humidity Ratio Lower limit: 0.002 kg water / kg air T

- The mean radiant temperature is equal to the dry bulb temperature

- The wind speed is constant at 0.05 m/s

- The metabolic rate is assumed for a seated parson at 1 met R

- The clothing level is assumed for a person wearing a 3-piece suit at 1 clo 2 0.018

Humidity Ratio [kg water/ kg air]

Hours.

o 200+ @ Dehumidification 0%
7380
sesn @ Dessicant Dehumidification 0%
sran © Humidification 0.13%
49.20 Intemnal Heat Gain 27.31%
0.005 an.a0 5 i
3 @ Natural Ventilation 9.26%
EEE ]
20k @ Thermal Mass + Night Ventilation 10.95%
1640 @ Evaporative Cooling 28.18%
E < 5.20 @ Comfort 11.5%
20 -15 5 a 5 it 15 20 25 0 ES 40 45 50 ane

Operative Temperature [°C]
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