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Abstract:

The present study aimed to investigate the thermal performance of brick lattice surfaces derived from the traditional architecture of Dezful and to evaluate the
effects of porosity and the distance of these lattice skins from the main fagade on reducing thermal load and building energy consumption in a hot semi-arid
climate. This study was conducted using a descriptive—analytical approach based on energy simulation. Twelve selected brick lattice patterns extracted from
traditional Dezful architecture were categorized according to their porosity and geometric characteristics. The patterns were parametrically modeled using
Rhino and Grasshopper software. Climatic and thermal analyses were then performed using the Ladybug plugin and the EPW climatic data file of Dezful city.
The lattice surfaces were evaluated at four distances of 10, 20, 30, and 40 cm from the glazed window surface to assess the effect of depth on building energy
performance. The primary analytical indicator was total energy consumption expressed in kWh/m2. The results demonstrated that increasing the distance
between the lattice skin and the main facade improved thermal performance and reduced building energy consumption. The best overall performance was
observed at the 40 cm distance, with an average energy consumption of 1164.81 kWh/m2, whereas the weakest performance occurred at the 10 cm distance,
with an average of 1173.92 kWh/m2. Among the analyzed patterns, Pattern No. 5 at the 40 cm distance exhibited the most efficient performance with an energy
consumption of 1160.94 kWh/m?, while Pattern No. 2 at the 10 cm distance showed the highest energy consumption at 1181.59 kWh/mz2. The findings further
indicated that increasing lattice depth and optimizing porosity significantly contributed to reducing thermal loads, controlling direct solar radiation, and
enhancing overall building energy efficiency. The findings indicate that the application of brick lattice surfaces as a secondary facade skin is an effective
strategy for reducing heat gain, improving thermal performance, and decreasing energy consumption in buildings located in hot and semi-arid climates.
Furthermore, increasing the distance between the lattice skin and the main fagade, particularly to approximately 40 cm, can substantially enhance building
energy performance and provide a practical model for sustainable contemporary architectural design.
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Extended Abstract

Introduction

The increasing rate of energy consumption in the building sector has become one of the most significant challenges of
sustainable development in contemporary societies. Rapid urbanization, dependence on fossil fuels, and the extensive use of
mechanical cooling systems have considerably increased energy demand, particularly in hot and dry climatic regions. In Iran,
buildings account for a substantial proportion of total energy consumption, making the optimization of building envelopes and
passive climatic strategies a critical necessity (1, 2). Consequently, researchers and architects have increasingly focused on
sustainable architectural approaches capable of reducing thermal loads and improving indoor environmental quality without
relying excessively on mechanical systems.

Traditional Iranian architecture provides valuable examples of climate-responsive design strategies developed through
centuries of adaptation to environmental conditions. In hot and semi-arid regions, vernacular architecture employed various

passive techniques such as courtyards, wind catchers, thick walls, shading devices, and lattice surfaces to regulate indoor
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thermal conditions and minimize heat gain. These architectural elements were not merely decorative components; rather, they
functioned as integrated environmental systems capable of controlling solar radiation, natural ventilation, and daylight
penetration (3). Among these elements, brick lattice surfaces represent one of the most prominent climatic features in the
traditional architecture of Dezful.

Brick lattice surfaces in Dezful’s traditional architecture are characterized by geometric perforations and varying depths that
create shaded transitional layers between interior and exterior spaces. These porous brick skins reduce direct solar radiation,
improve airflow, and moderate thermal transfer into buildings. Their climatic efficiency demonstrates a sophisticated
understanding of environmental control embedded within vernacular architecture. In contemporary architectural discourse,
such elements can be interpreted as passive double-skin facades capable of enhancing thermal performance and reducing
cooling loads.

Recent studies have emphasized the importance of double-skin facades and adaptive envelopes in improving building energy
performance. Research has shown that the geometry and depth of external facades significantly influence thermal behavior and
energy consumption (9, 11). Moreover, adaptive and biomimetic facade systems have been proposed as effective approaches
for reducing energy use and enhancing environmental responsiveness (5). In this context, revisiting traditional lattice systems
can provide practical and culturally grounded solutions for sustainable contemporary architecture.

Previous investigations have also highlighted the environmental role of traditional Iranian lattice elements such as Fakhr-o-
Madin and Mashrabiya. Mahdavinejad and Kia demonstrated that reinterpretation of traditional lattice skins could optimize
daylight acquisition and energy efficiency in contemporary office buildings (6). Similarly, Nejad Ebrahimi and Turanpour
reported that lattice elements contributed not only to visual quality and sense of place but also to environmental comfort and
privacy (7). Alothman further emphasized the effectiveness of Mashrabiya systems in controlling solar radiation and improving
thermal comfort in contemporary architecture (12). Studies on thermal comfort in traditional Iranian houses also confirmed
that shading and orientation significantly affect indoor environmental quality and thermal indices such as PMV and PPD (8).

Despite extensive research on double-skin facades and traditional climatic strategies, limited attention has been paid to the
thermal performance of brick lattice surfaces in Dezful and the relationship between their geometric properties and building
energy consumption. Therefore, the present study aimed to investigate the thermal behavior of traditional brick lattice surfaces
in Dezful and evaluate the effects of porosity and facade depth on building energy performance.

Methods and Materials

This research was conducted using a descriptive-analytical approach based on digital simulation techniques. Twelve selected
patterns of brick lattice surfaces were extracted from traditional architectural samples in Dezful and categorized according to
their geometric configuration and porosity levels. The selected patterns represented the most commonly used lattice
arrangements in the historical urban fabric of Dezful.

The geometric models were digitally reconstructed using Rhino software and parametrically developed through the
Grasshopper plugin. This parametric process enabled precise control over variables such as perforation ratio, lattice depth, and
distance between the lattice layer and the primary glazed facade. Climatic and thermal simulations were then performed using
the Ladybug environmental analysis plugin integrated with the EPW climatic data file of Dezful city.

To evaluate thermal performance, all lattice models were applied to a standardized base building model under identical
environmental conditions. Four different distances between the brick lattice surfaces and the primary facade were examined,

including 10 cm, 20 cm, 30 ¢cm, and 40 cm. The main evaluation criterion was total annual energy consumption measured in
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kWh/m2, Comparative analyses were conducted to determine the influence of geometric variation and facade depth on thermal
load reduction and overall energy performance.

The simulations specifically focused on cooling-related thermal behavior because Dezful’s hot and semi-arid climate
imposes significant cooling demands on buildings. Data obtained from the simulations were systematically analyzed to identify
the most efficient lattice configurations and the optimal distance between the secondary skin and the primary facade.

Findings

The findings revealed that brick lattice surfaces significantly improved the thermal performance of buildings and reduced
total energy consumption. The results indicated a direct relationship between the distance of the lattice skin from the primary
facade and overall thermal efficiency. Increasing the distance between the lattice layer and the glazed surface reduced thermal
transfer and improved shading performance.

Among the four investigated distances, the 40 cm configuration demonstrated the best thermal performance with an average
total energy consumption of 1164.81 kWh/mz2. In contrast, the 10 cm distance showed the weakest performance with an average
energy consumption of 1173.92 kWh/m2. The 30 cm and 20 cm distances produced intermediate performances with average
total energy consumptions of 1167.73 kWh/m2 and 1169.79 kWh/mz2, respectively.

The results also demonstrated that geometric variation and porosity ratios strongly influenced energy performance. Among
the twelve evaluated lattice patterns, Pattern No. 5 at the 40 cm distance achieved the most efficient thermal performance with
a total energy consumption of 1160.94 kwh/m2. Conversely, Pattern No. 2 at the 10 cm distance exhibited the highest energy
consumption at 1181.59 kWh/mz,

The analyses showed that deeper lattice configurations created more effective shaded buffer zones between exterior and
interior environments. These intermediate spaces reduced direct solar radiation and improved natural airflow around the
primary facade. Furthermore, lattice patterns with balanced porosity ratios performed more efficiently than extremely open or
highly dense configurations. Moderate porosity allowed sufficient shading while maintaining appropriate daylight penetration
and natural ventilation.

The comparative analyses of the twelve patterns further revealed that some geometric arrangements were more successful
in distributing shade and reducing thermal accumulation on facade surfaces. The most efficient models combined appropriate
perforation ratios with greater facade depth, thereby minimizing cooling loads during hot climatic conditions.

Overall, the results confirmed that traditional brick lattice surfaces could function as passive environmental regulators
capable of improving building energy performance in hot and semi-arid climates.

Discussion and Conclusion

The findings of this study demonstrate that traditional brick lattice surfaces possess considerable potential for enhancing
thermal performance and reducing building energy consumption in hot climatic regions. The results confirm that increasing the
distance between the secondary lattice skin and the primary facade improves thermal efficiency by creating a ventilated buffer
zone capable of reducing direct heat transfer. This intermediate space acts similarly to contemporary double-skin facade
systems and contributes to passive cooling through shading and air circulation.

The superior performance of the 40 cm distance highlights the importance of facade depth in regulating solar heat gain.
Larger distances allow greater air movement and reduce thermal accumulation on the building envelope. At the same time,
geometric configuration and porosity ratios significantly influence environmental performance. Patterns with balanced
perforation ratios demonstrated greater efficiency because they simultaneously controlled solar radiation, maintained daylight

access, and supported natural ventilation.



1F+F o

. & ¢ > 0499
G g

The study also confirms that traditional architectural knowledge embedded within Dezful’s vernacular architecture aligns
closely with contemporary sustainable design principles. The climatic responsiveness of brick lattice surfaces reflects a
sophisticated understanding of environmental adaptation achieved without reliance on mechanical technologies. This
demonstrates that many passive strategies currently explored in sustainable architecture have long existed within traditional
Iranian architectural practices.

Another important implication of the findings is the possibility of integrating traditional lattice concepts into contemporary
architectural design. Modern buildings in hot climates often rely heavily on fully glazed facades that increase cooling demands
and thermal discomfort. Reinterpreting traditional lattice systems through digital modeling and parametric design can provide
environmentally responsive facade solutions that reduce energy consumption while preserving cultural identity.

The research further indicates that traditional lattice surfaces should not be regarded solely as historical decorative elements.
Instead, they can function as efficient passive environmental systems capable of improving thermal comfort and building
performance. Their use in contemporary architecture may contribute to reducing dependence on mechanical cooling systems
and supporting sustainable urban development.

In conclusion, the study demonstrated that brick lattice surfaces derived from the traditional architecture of Dezful
effectively reduce thermal loads and improve building energy efficiency. Increasing the distance between the lattice skin and
the primary facade significantly enhances thermal performance, with the 40 cm configuration producing the best overall results.
Moreover, geometric configuration and porosity ratio play crucial roles in determining environmental efficiency. These
findings suggest that traditional brick lattice systems can provide valuable models for sustainable contemporary architecture in
hot and semi-arid climates.
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