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Introduction

Energy consumption in the building sector has become a critical issug; asdndoor spaces account for a substantial
portion of total global energy use and are expected to grow further 'inthe near future (Rajan & Sinclair, 2017).
Worldwide, increasing attention is being given to energy-efficient design, demand reduction, and passive
strategies. Central courtyards, as a passive architectural feature, have historically contributed to thermal comfort
and reduced energy consumption in hot—arid climates (Muhaisen & Gadi, 2005; Bagheri Sabzevar et al., 2017).
They enhance daylight availability, provide shade, and' mitigate excess heat through vegetation and water elements
(Muhaisen, 2006; Zamani et al., 2012).Research indicates that courtyard geometry and proportions can reduce
cooling energy demand by up to 18% while improving occupant comfort (Diz-Mellado et al., 2023), and passive
strategies overall may decrease energy use by as.mugch as 50% in hot climates (Hu et al., 2023). Despite their
historical effectiveness, courtyards remain‘underutilized in contemporary architectural practice. Previous studies
have underscored their impact on thermal comfort, daylighting, and shading performance, highlighting the
importance of factors such as orientationydimensions, and width-to-height ratio (Soflaei et al., 2016; Al-Hafith et
al., 2017).Traditional Iranian houses émbody climate-responsive design principles through courtyard integration
and strategic building orientation=—such as northeast—southwest (Rone Rasteh), northwest-southeast (Rone
Esfahani), and east-west (Rone Kermani) (Salavatian, 2022; Hamze Nejad et al., 2020). Optimizing courtyard
configurations can enhance thermal performance by up to 30% and lower indoor temperatures by approximately
3°C, leading to significant energy savings and improved occupant comfort (Gunasekaran & Priya, 2025; Khan et
al., 2023). However, few studies have examined the combined effects of courtyard proportions and orientation on
both energy consumption and visual comfort. This study aims to address this gap for residential buildings in semi—
arid Iranian climates and offer insights for contemporary housing design.
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Materials and Methods

This study examines ten historical houses from the Safavid and Qajar periods located in Toon, a representative
semi-arid city in South Khorasan, Iran (34.01°N, 58.10°E, 1146 m a.s.l., BSk climate). All selected houses are
single-story structures featuring central courtyards, with variations in orientation (from 14° NE to 28° NW) and
courtyard proportions (1:1, 1:1.2, 1:1.3, and 1:1.4).Energy performance was evaluated using Energy Use Intensity
(EUI), calculated as the annual heating, cooling, and lighting loads per unit floor area (kwh/m2.y). Daylight
performance was assessed using spatial Daylight Autonomy (sDA), which represents the percentage of occupied
hours receiving at least 300 lux. Direct solar exposure was quantified using the Annual Sunlight Exposure (ASE)
index, indicating the likelihood of glare and overheating. Visual comfort was further evaluated through spatial
Glare Autonomy (sGA), which measures the percentage of time interior spaces remain free from unacceptable
glare.Comprehensive simulations were conducted to investigate the combined influence of courtyard geometry
and orientation on both energy consumption and visual comfort.

Discussion and Conclusion

The simulation results show that courtyard geometry and building orientatiomsignificantly affect energy
consumption, daylight adequacy, and visual comfort. Houses with square courtyards (1:1) and the northeast—
southwest orientation (NE-SW) recorded the lowest heating, cooling, and ovérall'energy use. In contrast,
elongated courtyards (1:1.4) enhanced daylight performance—achieving mere than 92% sDA—yet contributed
to higher glare levels.ASE and sGA analyses further indicate that square courtyards reduce direct sunlight
exposure and improve visual comfort, whereas elongated courtyardssincrease the likelihood of discomfort.
Orientation also plays a critical role: northeast—southwest houses generally demonstrate better energy efficiency
than northwest—southeast houses, although some visual comfart metrics were slightly higher in the latter.Overall,
combining optimal courtyard proportions with favorable orientation can substantially reduce energy demand,
improve natural lighting, and enhance occupant comfortin hot=arid residential buildings. These findings
underscore the value of incorporating traditional courtyard principles into contemporary architectural design to
achieve sustainable and comfortable living,environments.

Results

The simulations of ten historicakhouses in Toon demonstrate that courtyard geometry and building orientation
significantly influence energy use and visual comfort. Houses featuring square courtyards (1:1) with northeast—
southwest orientation achieve the lowest heating, cooling, and overall Energy Use Intensity (EUI). In contrast,
elongated courtyards (1:1.4) offer greater daylight adequacy (sDA) but also increase direct solar exposure
(ASE).Visual comfort is highest'in square courtyards, which exhibit lower glare levels and higher sGA values.
Overall, orientation primarily affects energy performance, whereas courtyard proportions have a stronger impact
on natural lighting. These findings highlight the combined importance of courtyard geometry and orientation in
optimizing sustainable residential design in semi—arid climates.
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