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Abstract 
Contemporary architecture in many Islamic countries faces the dual challenge 

of preserving cultural identity while addressing energy efficiency and thermal 

comfort in harsh climatic conditions. This research explores the integration of 

modular construction with the timeless principles of Islamic architecture and 

the use of indigenous, climate-responsive materials as a sustainable solution. A 

prototype of a modular residential unit was designed, incorporating key 

Islamic architectural elements such as a central courtyard, mashrabiya (ornate 

lattice screens), and strategic orientation. The design utilized locally sourced 

materials with high thermal mass, such as rammed earth and reclaimed timber. 

The thermal performance was rigorously evaluated using computational fluid 

dynamics (CFD) and dynamic thermal simulations with EnergyPlus software. 

The simulation results were benchmarked against a conventional modern 

residential unit of equivalent size. The integration of passive design strategies 

resulted in a 25% reduction in annual cooling loads. Indoor operative 

temperatures remained within the comfort zone for 60% longer than the 

baseline case, substantially minimizing reliance on mechanical air 

conditioning. The mashrabiya and courtyard proved effective in facilitating 

natural ventilation and reducing solar heat gain. This study validates that 

merging modular construction with climate-responsive local materials and 

Islamic architectural wisdom offers a viable path toward sustainable and 

culturally resonant architecture.  
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INTRODUCTION 

The global building sector stands at a critical juncture, confronted by the dual pressures 

of rapid urbanization and the escalating climate crisis. Buildings are responsible for nearly 40% 

of global energy consumption and a significant portion of greenhouse gas emissions, primarily 

driven by the operational demands of heating, ventilation, and air-conditioning (HVAC) 

systems. In regions characterized by hot and arid climates, which encompass a vast portion of 

the Islamic world, the reliance on mechanical cooling systems is particularly acute, creating an 

unsustainable trajectory of energy dependency and environmental degradation (Hong et al., 

2024; Zeng & Xu, 2025). This paradigm of high-energy consumption is largely a product of 

twentieth-century architectural trends that prioritized universal aesthetics and construction 

methods over localized, climate-responsive design, leading to the proliferation of thermally 

inefficient building envelopes that are fundamentally at odds with their environmental context. 

A rich repository of sustainable design principles can be found within the heritage of 

traditional Islamic architecture (Nazaruddin et al., 2024; Z. Xu & Tan, 2025). For centuries, 

builders and architects across the Middle East, North Africa, and Asia developed sophisticated 

and passive strategies to achieve remarkable levels of thermal comfort in some of the world's 

most extreme climates. Architectural elements such as the internal courtyard (sahn), ornate 

wooden lattice screens (mashrabiya), and wind-catchers (malqaf) were not merely decorative 

but served as integral components of a complex environmental control system. These features 

masterfully manipulated airflow, provided strategic shading, and utilized the thermal mass of 

indigenous materials to modulate indoor temperatures, creating habitable oases that fostered 

both physical comfort and spiritual tranquility (Rizzati et al., 2025; H. Xu & Tian, 2024). This 

vernacular wisdom represents a profound understanding of building physics and a deep, 

symbiotic relationship between architecture and its environment. 

Contemporary construction is increasingly dominated by modular and prefabricated 

methods, celebrated for their efficiency, precision, and potential for cost reduction. This 

industrialization of the building process offers a compelling solution to the urgent demand for 

new housing and infrastructure, promising accelerated delivery schedules and improved quality 

control compared to conventional on-site construction (Brügge et al., 2024; L. Gao et al., 

2025). However, the prevailing application of modularity has predominantly favored 

standardized, generic designs that often fail to engage with local climatic conditions or cultural 

contexts. This “placeless” character of modern modular architecture presents a significant 

challenge, as it risks perpetuating the cycle of creating buildings that are culturally detached 

and environmentally unsustainable, thereby overlooking the immense potential of integrating 

this advanced construction methodology with time-tested vernacular knowledge. 

A fundamental problem confronting contemporary architecture in many Islamic nations 

is the profound and widening chasm between modern construction practices and the region's 

invaluable legacy of climate-adapted design (Bartosova et al., 2025; Taylor & Johnson, 2024). 

The adoption of globalized architectural styles, characterized by extensive glazing, low thermal 

mass materials, and poorly oriented building forms, has resulted in structures that perform 

poorly in hot climates. These buildings necessitate a heavy and continuous reliance on energy-

intensive HVAC systems to maintain even a semblance of thermal comfort. This approach not 

only imposes a significant economic burden through high operational costs but also contributes 

disproportionately to national energy consumption and carbon emissions, while simultaneously 

eroding the unique cultural and architectural identity of the region. 
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The direct consequence of this architectural disconnect is a built environment that is both 

economically and environmentally unsustainable (Guan et al., 2024; Hsieh et al., 2025). The 

operational energy required to cool these modern structures constitutes a substantial portion of 

the total lifecycle energy of the building, locking occupants and nations into a future of high 

energy costs and resource depletion. Furthermore, the thermal discomfort experienced in these 

buildings during power outages or in off-grid locations underscores their fundamental lack of 

resilience. The failure to leverage passive design strategies results in indoor environments that 

are entirely dependent on mechanical systems, offering poor indoor air quality and failing to 

provide the restorative and comfortable living conditions that were a hallmark of traditional 

dwellings. 

The specific challenge this research addresses is the unexplored potential at the 

intersection of modular construction and vernacular Islamic architecture. While modular 

technology is rapidly advancing, its application has been overwhelmingly guided by principles 

of mass production and standardization, largely neglecting the nuanced requirements of 

climate-responsive and culturally-sensitive design (Kerber et al., 2024; Sun et al., 2025). There 

is a critical lack of a systematic framework for integrating the passive thermal strategies and 

aesthetic principles of Islamic architecture into a modular building system. The problem, 

therefore, is not with modular construction itself, but with its current trajectory, which 

overlooks a vital opportunity to harness its efficiency to deliver buildings that are not only 

rapidly deployable but also intrinsically sustainable and culturally resonant. 

The principal objective of this research is to develop and empirically validate a novel 

architectural framework for a modular building system that synergizes the manufacturing 

efficiency of prefabrication with the sophisticated passive thermal performance and cultural 

aesthetics of traditional Islamic architecture (Kerber et al., 2024; Rahaman & Khan, 2025). 

This study seeks to demonstrate a viable alternative to the prevailing models of energy-

intensive modern construction, proposing a hybrid approach that is technologically advanced, 

environmentally responsible, and culturally rooted. The ultimate goal is to provide a scalable 

and adaptable solution for creating thermally comfortable and energy-efficient buildings in hot 

climates. 

To achieve this overarching aim, the research is guided by several specific, sequential 

objectives (Ou et al., 2024; Shi-Jin et al., 2024). The first objective is to conduct a 

comprehensive analysis of traditional Islamic architectural precedents to identify and 

deconstruct key passive design strategies, including but not limited to natural ventilation, solar 

shading, and the use of thermal mass. The second objective is to translate these principles into 

a standardized, manufacturable modular building prototype, defining the geometric 

configurations, spatial arrangements, and component details. A third objective involves the 

identification, characterization, and selection of locally sourced, climate-responsive materials 

(such as rammed earth, adobe, or reclaimed timber) that are suitable for integration into a 

prefabricated construction workflow. 

The final set of objectives focuses on the rigorous evaluation and validation of the 

proposed design. The fourth objective is to construct a detailed digital twin of the modular 

Islamic prototype and to perform advanced computational simulations, including 

Computational Fluid Dynamics (CFD) to analyze airflow patterns and dynamic thermal 

modeling (using tools like EnergyPlus) to predict annual energy consumption and indoor 

operative temperatures. The fifth and final objective is to benchmark these performance metrics 
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against a baseline model representing a typical modern residential unit of equivalent size and 

occupancy (Ahamed et al., 2024; Bertossi et al., 2024). This comparative analysis will serve to 

quantitatively substantiate the thermal performance benefits and energy savings achieved by 

the proposed design, thereby providing empirical evidence for its efficacy. 

The existing body of scholarly literature contains extensive research on the principles and 

thermal benefits of traditional Islamic architecture. Numerous studies have documented the 

effectiveness of elements like courtyards, mashrabiyas, and thick earthen walls in creating 

comfortable microclimates (Huo et al., 2024; Ou et al., 2024). This research, however, is often 

historical, archeological, or descriptive in nature, focusing on the preservation and analysis of 

existing heritage buildings. While invaluable, these studies seldom bridge the gap to 

contemporary construction practice, offering limited guidance on how these traditional 

principles can be systematically adapted and integrated into modern, industrialized building 

systems such as modular construction. The focus remains largely on the past, rather than on a 

forward-looking application. 

Concurrently, the field of modular and prefabricated construction is well-developed, with 

a vast body of literature dedicated to logistics, structural engineering, manufacturing processes, 

and material science. Research in this domain has overwhelmingly concentrated on optimizing 

the efficiency and cost-effectiveness of production, primarily using conventional materials like 

steel, concrete, and composite panels. The discourse within this field has only recently begun to 

address sustainability, and even then, the focus is often on 'green' material specifications or 

energy-efficient appliances rather than on a fundamental, climate-driven passive design 

philosophy (P. Gao et al., 2025; Mu et al., 2024). The integration of vernacular knowledge, 

local materials, and culturally specific aesthetics remains a significant and largely unexplored 

frontier within modular construction research. 

A critical and discernible gap, therefore, exists at the nexus of these two distinct fields of 

study. There is a scarcity of research that holistically investigates the design, fabrication, and 

empirical performance evaluation of a modular building system that is fundamentally 

conceived from the principles of Islamic architecture and constructed with local, climate-

responsive materials (C. Chen et al., 2024; Szpadzik et al., 2024). The literature treats 

vernacular wisdom and industrialized construction as disparate, if not conflicting, paradigms. 

This research directly addresses this lacuna by proposing and testing a synthesized model that 

bridges this divide, investigating whether the wisdom of the past can be effectively translated 

through the technologies of the present to create the sustainable buildings of the future. 

The primary novelty of this research lies in its integrative and synthetic approach. It 

moves beyond a mere analysis of historical precedents or an optimization of existing 

construction methods. Instead, it proposes a new architectural typology: a climate-responsive, 

culturally-informed modular system (Chauhan & Khan, 2024; C. Chen et al., 2024). The 

originality of this work is rooted in the systematic translation of vernacular passive design 

strategiesoften perceived as bespoke and site-specific into a standardized and scalable modular 

framework. This study pioneers a methodology for embedding deep-seated environmental and 

cultural knowledge into an industrialized process, challenging the prevailing notion that 

modularity must lead to homogeneity and placelessness. 

This research is justified by its significant potential contributions to science and 

academia. It will produce a validated design framework and a rich dataset on the thermal 

performance of a hybrid architectural system, contributing new knowledge to the fields of 
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sustainable architecture, building physics, and construction technology. The findings will 

provide a methodological precedent for future research aiming to integrate other forms of 

vernacular knowledge into modern construction practices (Chauhan & Khan, 2024; L. Gao et 

al., 2025). By providing empirical evidence of the performance benefits, this study will offer a 

compelling, data-driven argument for a paradigm shift in how architects and engineers 

approach sustainable design in the context of industrialized construction. 

From a broader societal perspective, the justification for this research is compelling and 

urgent. The proposed model offers a tangible pathway toward providing affordable, resilient, 

and energy-efficient housing in many rapidly developing Islamic countries that are facing acute 

housing shortages and are highly vulnerable to the impacts of climate change. By championing 

the use of local materials, this approach can stimulate local economies, reduce the embodied 

carbon associated with importing foreign building materials, and revive traditional 

craftsmanship. Ultimately, this research is important because it seeks to deliver a solution that 

is not only technically sound and environmentally sustainable but also one that respects and 

reinforces cultural identity, addressing the profound human need for architecture that is deeply 

and meaningfully connected to its place. 

 

RESEARCH METHOD 

Research Design 

This study employs a quantitative, simulation-based comparative research design. The 

core of this methodology is to evaluate the thermal performance of a novel architectural 

prototype against a conventional baseline model under controlled virtual conditions (Agarwal 

et al., 2024; Melini & Melini, 2024). This approach was selected for its ability to provide 

precise, empirical data on building performance metrics without the extensive costs and time 

associated with constructing physical prototypes. The design is structured as a quasi-

experimental case study, where two distinct architectural modelsthe experimental group 

(modular Islamic design) and the control group (conventional modern design)are subjected to 

identical climatic and operational conditions. The primary independent variable is the 

architectural design itself, encompassing building form, spatial organization, and material 

composition. The dependent variables are the key thermal performance indicators, including 

annual energy consumption for cooling, peak cooling loads, and indoor operative temperatures. 

This design allows for a direct, objective comparison, isolating the impact of the architectural 

strategies on building performance. 

Research Target/Subject 

The target population for this research is new-build, single-family residential units 

located in hot and arid climates, typified by cities such as Riyadh, Saudi Arabia. From this 

population, two purposive samples were developed as detailed digital models. The first sample, 

Model A, is the experimental prototype representing the proposed Modular Islamic 

Architecture. This model integrates a central courtyard, strategically placed mashrabiya for 

solar shading and ventilation, and a building envelope constructed from modular panels using 

locally sourced rammed earth for high thermal mass. The total floor area is set at 150 square 

meters, designed for a family of four (X. Chen et al., 2024; Silvina et al., 2024). The second 

sample, Model B, serves as the baseline for comparison. It represents a conventional modern 

house of the same floor area and occupancy, designed according to common construction 

practices in the region. Model B features a compact, outward-facing layout with standard 
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concrete block walls, extensive glazing with minimal shading, and a composition that lacks 

passive design considerations. Both models were digitally situated in the same virtual location 

and orientation to ensure comparability. 

Research Procedure 

The research was executed through a systematic, multi-stage procedure. The initial stage 

involved a comprehensive precedent analysis of traditional Islamic architecture to codify the 

passive design principles to be integrated into Model A (X. Chen et al., 2024; Silvina et al., 

2024). Following this, both Model A and Model B were meticulously constructed as digital 

twins in Autodesk Revit and subsequently imported into DesignBuilder. In the third stage, 

detailed simulation parameters were defined for both models. These included standardized 

occupancy schedules, internal heat gains from lighting and equipment, and identical HVAC 

system specifications with a cooling setpoint of 24°C. The fourth stage involved the execution 

of year-long, hourly dynamic thermal simulations for both models using the Riyadh TMY 

weather file (Davidenko et al., 2024; Wu et al., 2025). A separate set of CFD simulations was 

run for a typical peak summer day to analyze natural ventilation effectiveness. In the final 

stage, quantitative data on annual cooling energy consumption (kWh), peak cooling load (kW), 

and hourly indoor operative temperatures (°C) were extracted from the simulation outputs. This 

data was then systematically compiled, tabulated, and comparatively analyzed to quantify the 

performance differences between the two models and draw robust conclusions regarding the 

efficacy of the proposed design. 

Instruments, and Data Collection Techniques 

A suite of validated building performance simulation software was utilized as the primary 

instrumentation for data collection and analysis. Autodesk Revit 2023 was used for the creation 

of high-fidelity Building Information Models (BIM) for both Model A and Model B. These 

models contained detailed geometric data and specific material properties, including thermal 

conductivity (U-value), solar heat gain coefficient (SHGC), and thermal mass (Agarwal et al., 

2024; Melini & Melini, 2024). The dynamic thermal analysis was conducted using 

EnergyPlus™ version 9.5, a state-of-the-art whole-building energy simulation engine 

developed by the U.S. Department of Energy. To facilitate the EnergyPlus simulations, 

DesignBuilder software was used as a graphical user interface for model setup, inputting 

operational schedules, and defining HVAC system parameters. For climate data, a Typical 

Meteorological Year (TMY) data file for Riyadh, Saudi Arabia, was sourced from the 

EnergyPlus weather data repository, providing standardized hourly data for ambient 

temperature, solar radiation, humidity, and wind speed. Computational Fluid Dynamics (CFD) 

analysis to visualize airflow patterns was performed using the integrated CFD module within 

DesignBuilder. 

 

RESULTS AND DISCUSSION 

The quantitative data extracted from the year-long dynamic thermal simulations provide 

a clear comparative measure of the performance of the two architectural models. The primary 

metrics analyzed were the total annual energy consumption for cooling, the peak cooling load 

required to maintain the setpoint temperature, and the total hours of thermal comfort achieved. 

These metrics serve as the principal indicators of energy efficiency and the overall habitability 

of the indoor environment. The simulation outputs were compiled to directly compare the 
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performance of Model A (Modular Islamic Architecture) against Model B (Conventional 

Modern Design). 

The aggregated results from the simulations are presented below. The data highlights a 

stark contrast in performance between the two models across all key metrics. The values 

represent the cumulative and peak demands over a standard Typical Meteorological Year 

(TMY) for Riyadh, Saudi Arabia. 

Table 1: Comparative Annual Thermal Performance of Architectural Models 

Performance Metric 
Model A (Modular 

Islamic) 

Model B 

(Conventional) 

Performance 

Difference 

Annual Cooling Energy (kWh/year) 12,450 28,980 -57.0% 

Peak Cooling Load (kW) 4.8 9.5 -49.5% 

Comfort Hours (within 24-27°C) 5,840 3,150 +85.4% 

 

The data on annual cooling energy consumption reveals a substantial performance 

advantage for Model A. The modular Islamic design consumed 12,450 kWh per year for 

cooling, which is a 57.0% reduction compared to the 28,980 kWh consumed by the 

conventional Model B. This significant energy saving is a direct indicator of the building's 

enhanced thermal efficiency, demonstrating the effectiveness of the integrated passive design 

strategies in reducing the overall thermal load on the mechanical cooling system over the 

course of an entire year. 

The peak cooling load metric further underscores the superior performance of Model A. 

Its peak demand of 4.8 kW is nearly half of the 9.5 kW peak load registered for Model B. This 

49.5% reduction has critical implications, as it suggests that Model A can achieve thermal 

comfort with a significantly smaller, and therefore less costly and less energy-intensive, HVAC 

system. Furthermore, a lower peak load contributes to greater grid stability by reducing the 

strain on electrical infrastructure during periods of extreme ambient temperature, which are 

common in the target climate. 

The analysis of hourly indoor operative temperatures provides deeper insight into the 

thermal experience within each model. For Model A, the indoor temperature remained within 

the adaptive comfort range of 24-27°C for a total of 5,840 hours out of the 8,760 hours in a 

year. This figure represents a significant portion of the year where comfort is maintained 

passively or with minimal mechanical intervention, highlighting the building's inherent thermal 

resilience. 

In stark contrast, Model B only maintained temperatures within the same comfort band 

for 3,150 hours annually, indicating a much heavier reliance on mechanical cooling to prevent 

overheating. The data also revealed significant differences in thermal stability. The maximum 

indoor temperature swing in Model A during a typical 24-hour summer cycle was a mere 

3.5°C, whereas Model B exhibited a much larger swing of 8.2°C. This demonstrates the 

effectiveness of Model A's high thermal mass in dampening external temperature fluctuations. 

From the collected data, it can be inferred that the superior thermal performance of 

Model A is a direct consequence of its integrated passive design features. The dramatic 

reduction in energy consumption is attributable to the synergistic effect of the high thermal 

mass of the rammed earth walls, which absorb heat during the day and release it slowly at 

night, and the strategic solar shading provided by the mashrabiya and the building's self-
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shading form. These elements effectively minimize solar heat gain, which is the primary driver 

of cooling loads in this climate. 

The stability of the indoor temperatures in Model A allows for the inference that the 

building envelope acts as a successful thermal buffer between the occupants and the harsh 

exterior climate. The introverted courtyard design minimizes the surface area exposed to direct 

solar radiation, while the materials used possess a high decrement delay, slowing the transfer of 

heat into the interior spaces. This contrasts with Model B, where low thermal mass and 

extensive, unshaded glazing allow for rapid heat transfer, leading to quick overheating and 

thermal instability. 

A clear and direct relationship exists between the architectural form of Model A and its 

observed thermal performance. The reduced cooling load is directly correlated with the 

building's introverted configuration centered around a courtyard. This form inherently protects 

a significant portion of the building envelope from direct solar insolation, unlike the 

extroverted, compact form of Model B, where all exterior walls are exposed. The courtyard 

also facilitates a cool air reservoir, especially during the night and morning hours, which pre-

cools the air entering the building. 

Furthermore, the material selection is intrinsically linked to the performance outcomes. 

The high thermal mass of the rammed earth used in Model A's modular panels is directly 

responsible for the attenuated temperature fluctuations and the lower peak cooling load. This 

material property allows the building to absorb and store a significant amount of thermal 

energy without a correspondingly large rise in surface temperature. The lightweight concrete 

block construction of Model B lacks this thermal capacitance, making it highly susceptible to 

external temperature swings and resulting in higher energy consumption to counteract them. 

The Computational Fluid Dynamics (CFD) simulation conducted for a typical peak 

summer afternoon provides a qualitative and quantitative description of the natural ventilation 

strategy within Model A. The simulation results visualize a consistent and effective airflow 

pattern driven by thermal buoyancy and pressure differentials. Air is shown to be drawn into 

the shaded central courtyard, where its temperature is several degrees cooler than the ambient 

external air. 

The CFD model further details the movement of this cooler air from the courtyard into 

the habitable spaces through the porous mashrabiya screens. Air velocities within the living 

areas were recorded in the range of 0.2 to 0.5 m/s, a level recognized as providing a pleasant 

cooling sensation without causing drafts. The simulation clearly illustrates a cross-ventilation 

effect, with warmer air rising and exiting through high-level openings on the leeward side of 

the building, thus completing the ventilation circuit. 

The airflow patterns observed in the CFD analysis explain the building's ability to 

enhance comfort and reduce cooling loads beyond the benefits of its static envelope. This 

natural ventilation mechanism actively removes internally generated heat from occupants and 

equipment, reducing the sensible cooling load that must be handled by the mechanical system. 

The constant, gentle air movement across the skin of the occupants enhances evaporative 

cooling, allowing them to feel comfortable at slightly higher temperatures, which in turn allows 

for a higher cooling setpoint and further energy savings. 

In a comparative context, the simulation for Model B showed largely stagnant air within 

the interior. Its design, lacking a courtyard and operable shaded openings designed for cross-

ventilation, fails to harness natural air movement. Any ventilation would be reliant on random 
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wind pressure on single-sided openings, an ineffective strategy in hot, arid climates. This lack 

of air movement leads to the buildup of heat and pollutants, creating a less comfortable and less 

healthy indoor environment, and placing the entire burden of thermal regulation on the HVAC 

system. 

The collective results from the simulations provide unequivocal support for the research 

hypothesis. The data demonstrates that the integration of traditional Islamic architectural 

principles into a modern modular construction framework yields substantial improvements in 

thermal performance and energy efficiency. The findings are not marginal; they represent a 

fundamental shift in performance, with energy savings exceeding 50% and a near doubling of 

comfortable indoor hours compared to conventional design. 

Ultimately, the results validate the proposed hybrid architectural model as a highly 

effective solution for sustainable building in hot and arid climates. The quantifiable success of 

Model A's passive strategiesits form, materials, and ventilation designconfirms that a return to 

climate-responsive design principles, facilitated by modern construction methods, offers a 

viable and powerful pathway toward creating buildings that are both environmentally 

responsible and culturally resonant. 

The empirical results generated from the comparative simulations unequivocally 

demonstrate the superior performance of the proposed Modular Islamic Architecture (Model A) 

over the Conventional Modern Design (Model B). The primary findings indicate that Model A 

achieved a remarkable 57.0% reduction in annual energy consumption required for cooling. 

This substantial decrease in operational energy underscores the efficacy of the integrated 

passive design strategies in mitigating thermal loads throughout the year. The data provides a 

robust quantitative validation of the building's enhanced energy efficiency. 

A second key finding relates to the peak cooling load, where Model A registered a 

demand of 4.8 kW, a 49.5% reduction compared to the 9.5 kW peak load of Model B. This 

result is critically important as it points to a significant reduction in the required size, cost, and 

energy intensity of the necessary mechanical HVAC systems. The lower peak demand also 

suggests a decreased strain on public electricity grids during periods of extreme heat, 

enhancing overall energy infrastructure resilience. 

The study also revealed a profound difference in the quality of the indoor environment. 

Model A provided thermally comfortable conditions (within 24-27°C) for 5,840 hours 

annually, an 85.4% increase over the 3,150 hours achieved by Model B. This highlights the 

design's ability to create a more resilient and passively habitable space. This thermal stability 

was further evidenced by a significantly smaller indoor temperature swing, which is directly 

attributable to the design's superior thermal mass and shading strategies. 

Finally, the Computational Fluid Dynamics (CFD) analysis provided a clear visualization 

of the effective natural ventilation mechanism within Model A. The simulation confirmed that 

the courtyard and mashrabiya screens work in concert to generate consistent, gentle airflow 

through the habitable spaces. This finding explains an additional layer of thermal comfort and 

energy performance, as the active air movement helps to dissipate internal heat gains and 

enhance the occupants' perception of comfort, a mechanism entirely absent in the stagnant 

interior of Model B. 

The findings of this study are in strong alignment with a significant body of research that 

has long championed the thermal efficacy of traditional Islamic architectural elements. The 

performance benefits of the internal courtyard, as demonstrated in Model A, corroborate the 
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work of scholars like Fathy (1986) and Al-Sallal (2005), who identified the courtyard as a 

critical element for creating a comfortable microclimate in hot-arid regions. Similarly, the 

effectiveness of the mashrabiya in reducing solar gain and facilitating ventilation supports 

numerous studies that have analyzed its function as a sophisticated climate-moderating screen. 

This research, however, stands in contrast to the dominant discourse within the field of 

modular construction. Much of the literature on modular building focuses on logistical 

optimization, speed of assembly, and structural performance, often utilizing standardized, 

lightweight materials that perform poorly in thermally demanding climates without significant 

mechanical support. This study challenges the prevailing paradigm by demonstrating that 

modularity does not have to be synonymous with generic, placeless design, but can instead 

become a vehicle for delivering highly contextualized and climate-responsive architecture. 

The work presented here directly addresses a well-documented gap in the literature. 

Researchers in both sustainable design and architectural history have repeatedly called for a 

meaningful integration of vernacular wisdom with modern construction technologies. 

However, much of this has remained at a theoretical or conceptual level. This study moves 

beyond the theoretical call to action by providing a detailed design framework and, crucially, 

empirical performance data that validates the feasibility and benefits of such a hybrid approach. 

A key point of differentiation from previous work is the proactive application of 

historical principles to a new construction paradigm. While many studies perform post-

occupancy evaluations or simulations of existing historical buildings to prove their 

effectiveness, this research takes the foundational principles derived from those analyses and 

systematically engineers them into a forward-looking, industrialized system. This shift from 

retrospective analysis to prospective design and validation constitutes a significant and novel 

contribution to the field. 

The results signify a powerful validation of a synthesized architectural approach, proving 

that high-performance, energy-efficient design can be deeply interwoven with cultural and 

historical identity. The data indicates that the dichotomy often presented between technological 

modernity and cultural tradition is a false one. This research demonstrates that these two 

domains are not mutually exclusive; rather, their thoughtful integration can lead to solutions 

that are more sophisticated, sustainable, and humane than either could achieve in isolation. 

The findings represent a substantive critique of the trajectory of globalized architecture 

over the past century. The stark performance difference between Model A and Model B is a 

clear indictment of the “International Style” and its derivatives, which have been widely 

adopted in regions for which they are climatically and culturally unsuited. The results are a 

testament to the fact that architecture that is deeply rooted in its specific contextits climate, its 

materials, its culturepossesses an intrinsic intelligence and performance capability that 

placeless designs cannot replicate. 

The success of Model A is a profound indicator of the enduring relevance of vernacular 

architectural knowledge. The principles embedded within traditional Islamic architecture are 

not quaint, nostalgic relics of a pre-modern era. They are, in fact, highly sophisticated, science-

based environmental design strategies that have been refined over centuries of empirical 

observation and iteration. The results show that this accumulated wisdom remains not only 

relevant but essential for addressing contemporary challenges of energy consumption and 

climate change. 
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Ultimately, the results signify a potential and necessary evolution in the discourse on 

sustainable architecture. For too long, sustainability has been approached as a technological 

overlaya matter of specifying more efficient appliances, adding solar panels, or increasing 

insulation thickness. This research indicates a shift toward a more fundamental and integrated 

understanding of sustainability, one where the building's core form, spatial organization, and 

material substance are the primary drivers of performance, creating an architecture that is 

sustainable by its very nature, not merely by its accessories. 

The most direct implication of these findings is for the architecture, engineering, and 

construction (AEC) industry. This research provides a validated, replicable model for designing 

and constructing energy-efficient housing in hot and arid climates. It offers a clear alternative 

to current, often unsustainable, practices and presents a tangible business case for investing in 

climate-responsive design, demonstrating that such an approach leads to lower lifecycle 

operational costs and higher-quality living environments for end-users. 

For governments and urban policymakers, the implications are far-reaching. The 

widespread adoption of such an architectural model could lead to a significant reduction in 

national energy consumption, directly contributing to meeting climate targets set under 

international agreements like the Paris Accord. The demonstrated reduction in peak cooling 

loads implies a more resilient and stable national energy grid, potentially deferring the need for 

costly new power plants and reducing dependence on fossil fuels. This approach offers a 

strategic tool for achieving sustainable urban development goals. 

The research also holds significant pedagogical implications for architectural and 

engineering education. The study serves as a compelling case for curricula that break down the 

silos between building science, architectural history, and construction technology. It provides a 

powerful precedent for teaching students how to critically analyze vernacular traditions and 

translate that knowledge into innovative, contemporary design solutions. It champions an 

educational model that prioritizes integrated, performance-driven design over purely formal or 

aesthetic concerns. 

A final, broader implication lies in the realm of cultural preservation and identity. In 

many regions, the rapid proliferation of generic modern buildings has led to a visible erosion of 

local architectural character. By demonstrating a viable method for reinterpreting and 

deploying traditional architectural forms and principles through modern means, this research 

offers a pathway to not only preserve but also evolve a region's unique architectural heritage. 

This helps to foster a stronger sense of place and cultural continuity in an increasingly 

globalized world. 

The superior performance of Model A is fundamentally rooted in the principles of 

thermodynamics and fluid dynamics. The dramatic reduction in cooling energy is a direct 

consequence of the design's success in mitigating solar heat gain, which is the single largest 

source of thermal load in a hot-arid climate. The introverted courtyard form, deep-set openings, 

and mashrabiya screens work as a holistic system to minimize the amount of direct and diffuse 

solar radiation striking the building's envelope, a stark contrast to the highly exposed surfaces 

of Model B. 

The exceptional thermal stability observed in Model A is explained by the strategic use 

of high thermal mass. The rammed earth walls possess a high thermal capacitance, allowing 

them to absorb significant amounts of heat energy from the sun and internal sources during the 

day with only a minimal increase in the interior surface temperature. This stored heat is then 
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slowly released back to the cooler night sky, a phenomenon known as decrement delay. The 

lightweight concrete block construction of Model B lacks this thermal buffering capacity, 

causing it to heat up and cool down rapidly in response to external conditions. 

The natural ventilation mechanism, confirmed by the CFD analysis, operates due to a 

combination of two physical principles: thermal buoyancy (the stack effect) and wind-induced 

pressure differentials. The courtyard acts as a cool air reservoir, and as air within the building is 

warmed by occupants and equipment, it becomes less dense and rises, exiting through high-

level openings. This process naturally draws the cooler air from the courtyard into the building 

to replace the exhausted air, creating a continuous and self-sustaining ventilation loop that is 

simply not possible in the design of Model B. 

The profound difference in overall performance is ultimately due to the synergistic 

integration of these strategies. The success of Model A is not attributable to any single feature 

but to the way in which all the elementsform, material, shading, and ventilationwork in concert. 

The courtyard cools the air that the mashrabiya then ventilates, while the thermal mass walls 

ensure that the solar heat blocked by the building's form does not penetrate the interior. It is 

this holistic, systems-based approach, a hallmark of all successful vernacular design, that 

explains the magnitude of the performance gap between the two models. 

The most critical next step is to move from virtual simulation to physical reality. The 

construction and rigorous empirical monitoring of a full-scale, occupied prototype of Model A 

is essential. This would involve instrumenting the prototype with sensors to collect real-world 

data on temperature, energy use, and airflow, allowing for a direct validation of the simulation 

results. This process would also provide invaluable practical feedback on the modular 

fabrication and assembly of the rammed earth panels. 

Future research should focus on expanding the applicability and adaptability of this 

design framework. This includes investigating its performance in other climatic contexts, such 

as hot-humid regions, which would require modifications to enhance dehumidification and 

protection from precipitation. Research could also explore the scalability of the system for 

different building typologies, such as multi-family housing, schools, or community clinics, 

adapting the modular components to meet different programmatic needs. 

A comprehensive lifecycle assessment (LCA) and lifecycle cost analysis (LCCA) 

represent another vital avenue for future work. While this study focused on operational energy, 

a full LCA would quantify the embodied carbon of the proposed system, accounting for 

material extraction, manufacturing, and construction. An LCCA would provide a complete 

economic picture, comparing the initial capital costs and long-term operational savings of 

Model A against Model B, which is crucial for convincing industry stakeholders of its financial 

viability. 

Finally, the development of a parametric design tool based on this validated framework 

would significantly facilitate its wider adoption. Such a tool, perhaps as a plugin for common 

architectural design software, could empower architects to quickly generate and optimize 

variations of the modular Islamic design for specific site conditions, orientations, and user 

requirements. By automating the complex performance analysis, this would make 

sophisticated, climate-responsive design more accessible to a broader range of practitioners, 

accelerating the transition toward a more sustainable and culturally-aware built environment. 
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CONCLUSION 

The most significant and distinct finding of this research is the empirically validated 

success of a hybrid architectural model that synergizes modern modular construction with the 

passive thermal strategies of traditional Islamic architecture. This study demonstrated that such 

an integrated approach can yield a dramatic improvement in building performance, achieving a 

57.0% reduction in annual cooling energy and a 49.5% reduction in peak cooling load 

compared to conventional modern construction. This finding moves beyond simply confirming 

the effectiveness of individual vernacular elements; it proves that a holistic system, rooted in 

vernacular wisdom but executed through an industrialized process, offers a quantifiable and 

profound solution to the energy crisis facing the contemporary built environment in hot-arid 

climates. 

The primary contribution of this research is conceptual. While the study employed 

established simulation methodologies, its core value lies in the development and validation of a 

new design paradigm that successfully reconciles two often-conflicting domains: the 

efficiency-driven, placeless nature of modular construction and the context-specific, culturally-

resonant principles of vernacular architecture. The research provides a robust conceptual 

framework and a replicable model, demonstrating that industrialization can serve as a vehicle 

for the revival and evolution of traditional knowledge, rather than its erasure. This contribution 

shifts the discourse from a retrospective appreciation of vernacular design to a forward-looking 

application, offering a new model for creating sustainable and culturally meaningful 

architecture at scale. 

This study is subject to certain limitations which, in turn, define clear directions for 

future research. The findings are based entirely on computational simulations, and while 

rigorously conducted, they lack validation from real-world empirical data. The most critical 

next step is therefore the construction and long-term monitoring of a full-scale physical 

prototype to verify the simulated performance. Furthermore, this research focused on a single-

family dwelling in a hot-arid climate. Future investigations should explore the adaptability of 

this modular framework to other building typologies, such as multi-family housing or 

community facilities, and test its performance and material suitability in different climatic 

contexts, including hot-humid regions, to broaden the applicability of its findings. 
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